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INTRODUCTION AND PLAN OF EXPERIMENTS 
Part I: The effect of colchicine on thoracic duct lymph 
The number of lymphocytes entering the blood by way of the 
thoracic and other lymph ducts is sufficient to replace the 
total number of lymphocytes many times a day (Yoffey, 1936; 
Sanders, Florey and Barnes, 1940; Hughes, May and Widdicombe, 
1956; Whaler and Widdicombe, 1956; Gowans, 1957). It is 
uncertain whether the majority of these lymphocytes found in 
the thoracic and right lymph ducts are newly formed cells or 
not. A study of the relevant literature shows that some 
workers (e.g. Yoffey and Drinker, 1939a) consider that a 
circulation of lymphocytes between blood and lymph occurs on 
a very limited scale and that the cells of the lymph ducts are 
mostly newly formed. Others (e.g. Farr, 1951; Gowans, 1957) 
have reported work that is consistent with a considerable 
recirculation of lymphocytes from blood to lymph; in this 
case, newly formed cells in the lymph ducts would be few. 
It was thought that the alkaloid, colchicine, miht be of 
some help in providing an answer to this question because of 
its well -known action of arresting dividing cells at the meta- 
phase stage. If the majority of the lymphocytes were newly 
formed, this colchicine- inhibition of cell division might 
reduce appreciably the number of cells coming down the duct 
or cause the appearance of a large number of cells in 
arrested mitosis. 
2. 
Part II: The effect of colchicine on peripheral blood leucocytes 
During the course of this work on the lymphocyte and 
colchicine changes in the level of granulocytes in peripheral 
blood were revealed which demanded more attention on their own 
merit. 
Dixon (1908 and 1912) working on rabbits, Fagraeus and 
Gormsen (1953) on rats and Harm (1953) on rabbits had 
reported that following the administration of colchicine 
in unanaesthetised animals there was an initial leucopaenia 
affecting both the granulocytes and the lymphocytes for a 
period of an hour or so, followed by a leucocytosis which 
reaches its peak within six to ten hours, and for this the 
granulocytes were held mainly responsible with little or no 
effect on the lymphocytes. In the present work this 
rea:tion was confirmed but a striking deviation from this 
typical pattern was observed in operated and anaesthetised 
rabbits. It was seen that the initial granulocytopaenia 
after colchicine tended to persist with little or no recovery 
of the granulocytes; even towards the end of a period of 
ten hours there was no evidence of any granulocytosis. It 
appeared as if colchicine was acting in core :ijination with the 
operative stress and the anaesthesia or with the anaesthesia 
only, to abolish or delay the onset of the leucocytosis. 
3. 
Part III: The relation of lymphocytes and antibody formation 
The lymphatic tissue of the body has been implicated in 
antibody formation (e.g. Roberts and Gowans, 1958). It 
would seem that, under some circumstances, the thoracic duct 
lymphocyte of rabbits could itself be an antibody producer 
(Wesslen, 1952; Holtub, 1957). Further work appeared to 
be needed to substantiate and clarify this relation between 
antibody formation and the thoracic duct lymphocyte. Acc- 
ordingly two studies were made. In one, the technique 
using colchicine, developed in the work planned as in Part I 
above, was extended to antibody - producing animals. In the 
other, thoracic duct lymphocytes from antibody- producing 
rabbits were transplanted to recipient unimmunized rabbits. 
It was hoped that in this way, antibody formation could be 
associated in these experiments with a single cell type and 
a function be ascribed to the lymphocyte. 
4. 
Part I: The effect of colchicine on thoracic duct lymph 
EXPERIMENTAL AETHODS 
1. ANIMALS USED 
Stock rabbits of various strains and of either sex were 
used, weighing from 2.0 to 3.0kg. 
2. OPERATIVE TECHNIQUES 
a) Anaesthesia. The animals were anaesthetised with 
Phenobarbitone Sodium B.P. (Abbott "Veterinary Nembutal" 
containing 60mg. per ml. of Phenobarbitone Sodium B.P.) 
It was diluted with about 3.0m1. of saline just before use 
for the initial injection and subsequently the amount of 
saline used for dilution was equal to the amount of lymph 
collected in the preceding hour. 
The initial dose of Nembutal intravenously was usually 
45.0mg. per kg. body weight injected into the right ear vein 
and the maintenance dose of about half this was repeated 
every hour or every one and half hour. This kept the animals 
in a state of light anaesthesia throughout the period of the 
experiment. Occasionally a wisp of ether had to be given 
just before making the skin incision for exposing the thoracic 
duct, but ether was otherwise never used. It has been 
shown by Rous (1908a) that struggle and increased muscular 
activity produces an increase in the lymphocyte output 
through the thoracic duct. As ether tends to produce an 
Fig. 1. Diagram showing the ways in which the thoracic duct 
may join the internal jugular vein in the rabbit. 
Left: The left cervical duct joins the thoracic duct 
which enters just above the junction of internal 
jugular and subclavian veins. 
Middle: The thoracic duct divides and each branch 
enters the internal jugular vein separately. 
Right: The thoracic duct enters the internal jugular 
vein in close proximity to the pleura. 
I.J. = Internal jugular vein. 
S.C. = Subclavian vein. 
I.N. = Innominate vein. 
T.D. = Thoracic duct. 
C.D. = Left cervical duct 
P. = Pleura 
V1 = Small vein crossing the thoracic duct. 
V2 = Small vein crossed by the thoracic duct 
(indicated by a dashed line). 
V3 = Small vein accompanying the thoracic duct. 
V1, V2 and V3, although only indicated in one drawing, 
are constantly present. 
5. 
initial struggle, this would certainly vitiate the rate 
of lymph flow and its cellular content. 
b) Exposure and anatomy of the junction between the 
thoracic duct and the internal jugular vein. The thoracic 
duct was exposed in the neck as described by Kindwall (1927). 
The fur was clipped from the front of the neck and the skin 
was dabbed with 70% alcohol. A skin incision of about 
3.0cm. in length was made in the midline from the angle 
of the rib upwards. The three deep layers of muscles 
connecting the clavicle to the sternum and the humerus 
were then cut just to the left of the midline, taking 
every precaution to prevent unnecessary bleeding. The 
junction of the subclavian and the jugular veins was seen 
to be covered with a thick white fascia which was removed 
very carefully fibre by fibre with the aid of dissecting 
spectacles, this being necessary owing to the close 
proximity of the pleura. The anatomy of the thoracic duct 
in this region conformed to one or other of the patterns 
shown in Fig. 1. 
In four experiments the duct was cannulated, according 
to Sanders, Florey and Barnes (1940), indirectly by way of 
the jugular vein, after ligature of all the afferent and 
efferent vessels near the orifice of the duct whereby a 
sac is formed by the jugular vein into which only the 
thoracic duct empties. A polythene cannula filled with 
heparin was introduced into the sac and lymph collected 
into centrifuge tubes containing 3 drops of a solution of 
6. 
heparin and the tubes kept at a temperature of 4 °C. to 
minimize cell lysis. This method of cannulation of the 
duct was found to be difficult and uncertain for, at the 
best of times, some tiny blood vessel would be left un- 
ligatured, giving rise to blood -stained lymph. A direct 
cannulation of the duct with a polythene cannula of the 
appropriate size was therefore attempted next. Although 
the samples of lymph thus obtained were very satisfactory 
there was a success rate of less than one in five in the 
hands of the present experimenter. This technique of 
direct cannulation of the thoracic duct was therefore 
abandoned in favour of the following method. 
With experience, it was found to be quite easy to 
ligature all the small blood vessels in the immediate 
vicinity of the thoracic duct and to cut the duct to allow 
a flow of lymph. By continuously pipetting lymph from 
the pool so produced the total output of the thoracic duct 
could be obtained free of blood. The use of the cautery 
to obtain an operation area free from bleeding, as sugg- 
ested by Wesslén (1952), was not thought necessary because 
simply ligaturing the blood vessels was as good as cauter- 
ization and possibly far less traumatizing. It was rare 
that lymph samples contaminated with blood were obtained; 
such samples were always discarded. There are two 
objections to this 'pool' technique for collecting lymph; 
first; a possibility of contamination of lymph with 
7. 
exudative cells (granulocytes and monocytes) from the 
operated area and secondly a possibility that the lymph 
was diluted with tissue fluid. Microscopic examination 
of the lymph smear only on rare occasions revealed even so 
much as a single granulocyte in the whole smear. The 
problem of dilution of lymph with tissue fluid is negligible 
considering the small area of the operation field, this 
being never more than 1.5 x 2.0cm. approximately, and the 
large amounts of lymph collected, ranging from about 2.0 
to 10.0m1. per hour. 
Clotting of the lymph during the collection was found 
to be no problem. Thoracic duct lymph will certainly 
clot if it is allowed to remain in the pool for some time, 
(the clotting time of a sample of thoracic duct lymph was 
found to be 4 minutes). But a spontaneous flow of, from 
có042 to 10m1. of lymph per hour, which was pipetted off 
as soon as it filled the pool, kept the duct unobstructed 
for the entire period of the experiment. In no 
experiment could any indication be obtained that the duct 
was obstructed by clots. 
Thus it appears to be quite reasonable to assume that 
the results of experiments on the lymph obtained by this 'pool' 
technique can safely approach in value the results of 
experiments obtained by direct cannulation of the duct. 
Throughout the operation and the subsequent periods of 
lymph collection the animal was kept warm. The tissues 
8. 
surrounding the pool of lymph were covered by cotton wool 
moistened with normal saline. 
3. COLCHICINE 
Colchicine* was dissolved in water in proportions of 
5mg. per ml. of water and was then injected into the right 
ear vein, leaving the left ear vein to obtain samples of 
blood. 
The dose of colchicine required was calculated on the 
basis of the dose used by Dixon and Malden (1908) who 
studied its effects on the blood leucocytes in rabbits. 
The dose used by them as a single injection was about 
5.0mg. per kg. body weight injected subcutaneously. Since 
it was desired to obtain the effect of colchicine as early as 
possible, the injection was given intravenously and half 
the above dose was used, i.e. 2.5mg. per kg. body weight. 
When 5.0mg. per kg. body weight of colchicine was injected 
it tended to produce diarrhoea in some of the animals. 
With 2.5mg. per kg. no observable ill effects were produced 
either immediately or in animals kept for weeks afterwards. 
Approximately the same order of dose was used in mice by 
Roberts, Florey and Joklik (1952) for obtaining the effective 
arrest of mitosis in metaphase in the liver cells. It 
will be shown that, in the rabbit, 2.5mg. per kg. body 




4. COLLECTION AND EXAMINATION OF LYMPH 
a) Volume. Lymph was collected in hourly or in two 
hourly volumes, from the pool prepared by dissecting and then 
dividing the thoracic duct in the neck. A Pasteur pipette 
was used to remove the lymph from the pool as it filled. 
Care was taken to avoid air bubbles which tend to break 
up the cells. The collecting container consisted of a 
graduated 10mí. centrifuge tube so that lymph volumes 
could be measured directly. The tube contained 2 to 3 
drops of a solution of heparin containing 1,000 units`ml.* 
to prevent clotting of the lymph. The centrifuge tubes 
were placed in a vessel containing ice, so that the 
temperature of lymph could be kept low, this helps to 
preserve the cells. The hourly volumes of lymph were recorded. 
The tubes were then gently agitated, and total and 
differential counts made. 
b) Total cells per hour. Leucocyte counts were 
always made completely in duplicate on each specimen. 
The counts were always within 10% of each other. 
The lymph has diluted 1 in 100 in a red cell counting 
pipette, using solution of 0.172% brilliant cresyl blue 
containing 0.04% sodium cyanide, according to the method 
of Hechter and Johnson (1949). Cresyl blue -cyanide 
stains the leucocytes blue and haemolyzes the erythrocytes. 
After rotating the pipette for a minute, counts were made 
* 'Liqu.emin' Heparin "Roche" Solution 
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in a standard haemocytometer chamber by counting the number 
of cells in 0.4 cmm. (as for white blood cells) under the 
low power and then multiplying the results by 250 to obtain 
the number of cells per cubic millimetre. From the mean 
leucocyte values per cubic millimetre and the volume of 
lymph collected hourly, the number of cells delivered per 
hour by the thoracic duct was computed. 
c) Differential leucocyte count. An accurate method 
for determining the relative numbers of large and small 
lymphocytes in the thoracic duct lymph was necessary and 
a number of methods were put to test before a satisfactory 
technique was discovered. Rous (1908c) first pointed out 
the difficulty of making satisfactory films of lymph due 
to the lack of 'body' in it as compared to blood. To 
overcome this difficulty small amounts of lymph were cent- 
rifuged at a slow speed (600r.p.m.) so as not to break 
up the cells. The lymph plasma was removed and a small 
amount of rabbit serum was added. Smears were then prepared, 
fixed in methyl alcohol and stained by May -Grunwald Giemsa 
Method (Dacie, 1956). An accurate count of these pre- 
parations was not possible because of the uneven distribution 
of the cells in the smears, the large cells tending to 
aggregate towards the tail end of the film; moreover great 
numbers of the cells in the smear were smudged and this 
tendency for the cells to break up was accentuated in lymph 
obtained from animals treated with colchicine. This method 
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had therefore to be abandoned. 
It was thought that Woodruff's method (1952), which 
he used on blood for differential counts, might help. 
Fine lines of 0.5mm. thickness and 10.0mm. in length were 
made by means of a draughtman's pen on a glass slide from 
the lymph specimen, and stained as for lymph smears. An 
attempt was made to count all the cells in a line under 
the high power of the microscope. The results so obtained 
in one line could not be repeated on the other line of the 
same sample of lymph. 
Next the supravital method of staining as modified 
by Schwind (1950) was tried, using Neutral Red and 
Pinocyanole. This method was not successful because 
the structure of the nuclei of the cells was not clearly 
revealed nor was it possible to differentiate the abnormal 
cell nuclei which appeared in the thoracic duct lymph of 
colchicine -treated animals. 
It appeared that the most accurate way for a differ- 
ential cell count would be to count cells in the counting 
chamber of the haemocytometer and to use a diluting solution 
which would help to stain the nuclei and reveal their details. 
The ordinary white cell diluting fluid was of little help. 
Hechter and Johnson (1949) in their experiments to show the 
in vitro effect of adrenal -cortical extract upon lymphocyto- 
lysis used a diluting fluid solution of 0.172'A, brilliant 
cresyl blue containing 0.0420 sodium cyanide. 
Comparative studies using first brilliant cresyl blue- 
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cyanide and then 40 acetic acid as diluent for a given sample 
of the lymph revealed similar total counts. 
If the count was not to be made immediately, samples of 
lymph were drawn into the red cell pipettes, diluted with 
cold cresyl blue -cyanide and the pipette containing the diluted 
suspension placed in the refrigerator at 2 °C until a cell 
count was actually made. This was done, at the latest, 
the following morning. 
The differential leucocyte counts were made in a 
standard haemocytometer in duplicates i.e. 2 aliquots were 
taken into separate pipettes and a count made from each. 
From 100 to 300 cells were counted for each aliquot. 
Absolute numbers of each variety of cells coming down the 
duct were also calculated from the count using cresyl blue - 
cyanide, and the volume of the lymph per hour. 
d) Distinction between large and small lvmphocytes. 
No direct measurements of cell diameters were carried out, 
but an arbitary and approximate distinction between large 
and small lymphocytes was made on the following bases: - 
Any lymphocyte which was twice the size or more of the 
typical small lymphocyte was considered as a large lymphocyte. 
The small lymphocyte is, of course, by far the commonest 
cell present in thoracic duct lymph, is of almost uniform 
size and is the smallest cell present in the lymph. When 
lymph was stained with brilliant cresyl blue -cyanide, the 
large lymphocyte, as judged by this criterion, looked much 
13. 
paler in colour and had much greater amounts of cytoplasm 
than the small lymphocyte. The small lymphocyte when 
stained in this way appeared as a dark round spot of ink with 
very small amount of cytoplasm. The size of the comparat- 
ively few cells in between a small and a large lymphocyte 
could be considered to be medium -sized lymphocytes, but 
were counted along with the small lymphocytes. 
It should be noted that a given sample of lymph, when 
examined using these criteria, gave a repeatedly consistent 
percentage of large and small lymphocytes. As noted 
above, the counts of the relative proportion of large and 
small lymphocytes were done in duplicates on each sample 
and the result obtained differed by no more than from 
0 to 5c/6. 
e) Lymph smears. Lymph was centrifuged at 600r.p.m. 
for 5 minutes, the lymph plasma was removed and a small 
volume of rabbit's serum was added. The tube was then 
gently agitated until the pellet of cells broke up. Smears 
were made, and after drying, were fixed in methyl alcohol 
and stained by May- Grunwald Giemsa Method. These smears 
were examined under the oil -immersion objective in order 
to study the morphology of the lymphocytes especially 
those showing any mitotic abnormality. This was possible 
because, in the smear, the cells spread out and their 
structure could be seen clearly. As explained above, 
no estimates of the relative numbers of large and small 
14. 
lymphocytes were possible in smears. 
5. EXATINATION OF THE PERIPHERAL BLOOD 
a) Total leucocyte counts. Blood for examination was 
obtained from the marginal ear vein of the side not used 
for the injection of either colchicine or Nembutal. These 
were performed, always in duplicate, in the usual way in the 
haemocytometer chamber by counting the number of cells in 
0.4 cubic millimetre, and then multiplying by 50 to obtain 
the number of cells per cubic millimetre of blood. 
b) Differential leucocyte counts. These were per- 
formed, always in duplicate, and by counting 200 cells in 
each smear. Blood smears were prepared, dried, fixed in 
methyl alcohol and stained by May- Grunwald Giemsa method. 
The lymphocytes were differentiated into two groups, one 
comprising the small and the medium -sized cells, and the 
other, the large lymphocytes. The criteria used were 
as given above. It was found that, in blood smears, the 
lymphocytes did not break up and were distributed evenly 
along the length of the smear. A record of any abnormal 
types of cell or cell fragments seen in the film was also 
made. The absolute numbers of the various cells per 
cubic millimetre of blood were determined from the total 
and differential counts. 
c) Smears of lymphocytes separated from blood. The 
lymphocytes were separated from the blood by the method 
devised by Jago (1956). Smears were prepared, stained by 
15. 
May -Grunwald Giemsa method. An examination of these 
lymphocytes was made particularly with a view to finding 
abnormal lymphocytes. 
6. EXAMINATION OF THE SPLFFN 
a) Spleen weight. The spleen was removed immediately 
the animal was sacrificed. It was freed of the fat and the 
surrounding connective tissue and then weighed on a torsion 
balance to the nearest milligram. 
b) Splenic imprints. These were prepared and stained 
by May -Grunwald method. Examination of the imprints for 
any abnormal figures appearing in the lymphocytes was made. 
c) Histological sections. Pieces of the spleen were 
fixed in 10;,, buffered formalin solution, washed, dehydrated, 
cleared and embedded in paraffin wax. Sections at about 
6p were cut. (Carleton, 1957). 
7. PROTOCOL OF A TYPICAL EXPERIMENT 







Sample of blood for total and differential 
leucocyte counts taken from the left ear vein. 
Nembutal 1.4ml. in 3.0m1. saline intra- 
venously, into the right ear vein. 
Operation started. 
Blood sample. 
Nembutal 0.6ml. in 2.0m1. saline. 
12.20 p.m. Thoracic duct exposed and cut. 
Spontaneous flow of lymph which was 
collected by a Pasteur pipette into 15ml. 
centrifuge tube immersed in iced water. 
12.35 to 1.35 p.m. 7.1m1. lymph collected. Total and 
relative numbers of small and large cells 




4.1mg. of colchicine (2.5mg. /kg. body 
weight) in 0.8ml. of distilled water 
intravenously. 
1.40 p.m. Nembutal 0.8ml. in 7.0m1. saline. 
Thereafter up to 11.35 p.m. hourly samples of lymph and of 
blood were collected and 0.6m1. of Nembutal diluted with 
the appropriate amount of saline was injected intravenously 
every one or one and a half hours. 
11.40 p.m. Animal sacrificed and spleen removed, 
weighed, imprints made and portions 
taken into formol saline for histology. 
16. 
17. 
Part I: The effect of colchicine on thoracic duct lymph 
RESULTS 
The results of analysis of the samples of thoracic duct 
lymph and of peripheral blood obtained over a period of from 
7 to 11 hours in 10 anaesthetized rabbits are given below 
and are shown in the accompanying Figs. 2. to 20. and 
Tables I. to VI. Colchicine was injected intravenously 
into 6 rabbits as a single dose of 2.5mg. /kg. body weight, 
while the other 4 animals acted as controls and had no 
injection of colchicine. In each of the animals which 
were going to receive colchicine, the lymph was collected 
and analysed for a period of 1 hour. After this first 
hour, colchicine was immediately injected intravenously. 
Out of the 6 rabbits which received colchicine, one of the 
animals, No. T.D.1, died after 7 hours of lymph drainage 
and, throughout the period of the experiment, this animal 
remained very deeply anaesthetised. It may be noted , 
therefore, that the results of this experiment are not 
strictly comparable with the results of the remainder. 
1. EFFECT OF COLCHICINE ON THE RATE OF LYMPH FLOW AND THE TOTAL 
NUMBER OF CELLS COMING DOWN THE THORACIC DUCT PER HOUR 
a) Rate of lymph flow. It will be seen from Fig. 2. 









O 1I 2 3 
1 1 1 1 
1 1 
4 5 6 7 8 9 IO 
Hours. 
Fig. 2. The rate of thoracic duct lymph flow and the 
cell 
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Fig. 3. The eftect of colchicine on the rate of thoracic duct 
lymph flow and the cell output per hour in 6 rabbits. 
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the 11 hours of the experiment. Fig. 3. shows the flow in 
the rabbits receiving 2.5mg. /kg. colchicine intravenously. 
In 4 out of the 6 animals, the initial flow before colchicine 
happened to be higher than those of the controls. The drug 
appeared to have no constant effect on the flow of lymph. 
In only 1 rabbit was there a consistent change: in this 
animal, No. T.D.l, the flow decreased for 7 hours at which 
time the animal died. 
b) Cells per hour. It will be seen from Fig. 2. 
that the cell output per hour, during a period of 11 hours 
of lymph drainage, in the 4 control animals remains very 
nearly constant throughout the experimental period. In 
the rabbits receiving colchicine (Fig. 3.) the total 
number of cells per hour coming down the thoracic duct 
increases appreciably after the injection of the alkaloid 
and reaches a peak between 2 to 3 hours of colchicine admin- 
istration, and thereafter declines almost immediately to 
reach a level usually slightly below the basal figure. 
This increase in the output of total cells is independent 
of the rate of flow of lymph, for it will be seen that in 
three of the experiments, in spite of no increase in the 
volume of the lymph during the hour, there is still a 
considerable increase in the output of cells during that 
hour. Furthermore, in the two experiments in which the 
hourly volume of lymph had increased, the relative increase 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































which one would expect from the increase in rate of lymph 
flow. The curve showing the results in animal No. T.D.l 
may be set aside since in this animal alone the flow 
consistently decreased for 7 hours, after which time the rabbit 
died. In one rabbit there was an initial slight drop in 
the number of cells per hour for the first 2 hours after 
colchicine but this animal showed an increase in the 3rd 
hour corresponding to the responses of the other animals. 
Comparing Figs. 2. and 3., it is obvious that colchicine 
increases by 50% or more the output of the cells from the 
thoracic duct sometime during the first 2 to 3 hours after 
the intravenous administration of colchicine, and that 
this increase is quite independent of the rate of lymph 
flow. 
2. EFFECT OF COLCHICINE ON THE TYPES OF CELLS OF THE 
THORACIC DUCT.. LYMPH 
a) Relative number of small and large lymphocytes. 
Table I. gives the relative and absolute numbers of small 
and large lymphocytes passing down the thoracic duct in the 
4 control experiments in which the rabbits received no 
colchicine. Fig. 4. presents these results graphically. 
Table II. and Fig. 5. give the corresponding results in the 
animals receiving colchicine. It can be seen that the 
absolute numbers of small and large lymphocytes vary little 
during the course of the experiment (10 hours) in the 
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Fig. 4. The absolute numbers of small and large lymphocytes 
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Hours. 
Fig. 5. The effect of colchicine on the absolute numbers of 
small and large lymphocytes coming down the thoracic 
duct per hour in 6 rabbits. 
20. 
in both small and large lymphocytes 2 -3 hours following 
colchicine. Colchicine may, therefore, be considered to 
affect the numbers of the small and large lymphocyte, 
causing an increase in both. It may also be noted that, 
in the control rabbits, the number of large lymphocytes 
relative to the number of small lymphocytes appears to 
increase after some hours drainage, reaching 20'fi and 30 ;0 
in two animals after 10 hours. 
b) Effect of colchicine on the morphology of the 
thoracic duct lymphocytes. The morphology of the cells of 
st4ed 
the thoracic duct lymph was studied in smears by the May - 
Grunwald Giemsa method. 
The majority of the cells coming down the thoracic 
duct in 4 control rabbits were seen to be small sized 
cells about 9F in diameter, having a dark round nucleus 
composed of dense masses of chromatin and surrounded by 
a pale rim of clear, basophilic cytoplasm with no vacuo- 
lation. These cells are considered as the small lymphocytes, 
and they corresponded with the description of the lymphocyte 
given, for example, by Yoffey and Courtice (195). A 
few of the cells were less than twice the size of a small 
lymphocyte and may be called medium sized cells, having 
the same nuclear characters as the small lymphocyte bu 
with slightly more cytoplasm around the nucleus. The 
cytoplasm of these cells was of a variable basophilia. 
As judged by counts made in the counting chamber, of lymph 
 
e lit ill 
Fig. 6. Normal lymphocytes of the thoracic duct lymph. 
Lymph smear. May- Grunwald Giemsa x 1000. 
21. 
stained by the brilliantcresyl blue -cyanide method, t'Ze 
small and medium sized lymphocytes form from 70 to 95% 
of the total thoracic duct lymphocytes. The remaining 
5 to 30% of the thoracic duct cells is contributed by cells 
which are twice or more the size of a small lymphocyte, 
having a large nucleus and surrounded by large amounts 
of cytoplasm showing varying degrees of basophilia. 
Vacuolation of the cytoplasm was very rarely observed. 
These cells are called here large lymphocytes. Only 
on one occasion was a mitotic figure seen in the large 
lymphocyte out of the many thousands of thoracic duct 
lymphocytes seen. 
Table II. and Fig. 6. show the relative number of 
small and large lymphocytes and the characters of the 
cells respectively, in the 4 control animals. 
In animals that had received colchicine, the majority 
of the cells coming down the thoracic duct were found 
to be lymphocytes which exhibited no nuclear or other 
changes and had the characteristics of the thoracic 
duct cells of normal rabbits as described above (Figs. 8a 
to 8m). The other types of cells seen are the lympho- 
cytes showing certain abnormalities of their nuclei and 
cytoplasm. Such cells will be considered as 
'Abnormal'cella. 
Normal cells 
Table III. shows that apparently normal cells 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TD. 3 TD.4. 
O 
IO 0 2 
Hours. 
10 
Fig. 7. Percentage of abnormal cells and the cells in mitosis 
in terms of the total cells of thoracic Duct per hour 
in 6 colchicine- treated rabbits. 
22. 
of the thoracic dust lymph in the period of 10 hours after 
the administration of colchicine. 
The 'Abnormal, cells 
These were seen to appear in the thoracic duct lymph 
one hour after the intravenous injection of colchicine 
(but their appearance has been noted as early as 20 minutes 
following the administration of colchicine in other exper- 
iments not reported in the present work). In 4 out of 
the 6 animals they are still present 10 hours after the 
injection. Fig. 7. and Table III. show that the abnormal 
cells form from about 0.2 to 5.0% of the total cells of 
thoracic duct lymph. 
It should, however, be pointed out that not much 
significance can be attached to the hourly variations 
in the number of abnormal cells in the thoracic duct 
lymph, for the percentages are based on relatively small 
numbers of these cells seen and counted in the haemocyto- 
meter chamber. 
The various forms of nuclear abnormalities exhibited 
by the lymphocytes in stained films are illustrated in 
Figs. 8a to 8k, 9a and 9b. At least 4 types of abnormal 
cells were seen: 
(i) Cells showing mitotic figures. Mitotic figures 
were only seen in the large lymphocytes and never in the 
small ones. The mitotic pattern was often that of a 
metaphase. It will be seen from Figs. 8a to 8e, and 
9a to 9b in some of the large cells the chromatin material 
Figs. 8a -8k. The cells seen in the thoracic duct lymph of 
rabbit after the administration of colchicine. 




A large lymphocyte seen in mitosis. The 
chromosomes appear clumped together and surrounded 
by a vacuolated cytoplasm. 
A large lymphocyte seen in mitosis. The 
.chromosomes are isolated and surrounded by a 
vacuolated cytoplasm. Another large lymphocyte 
shows a pyknotic nucleus. 
A large lymphocyte seen in mitosis. The 
chromosomes are segregated into two groups, 
one at either pole of the cell. The cyto- 
plasm is vacuolated. 
Fig. 8d. Three large lymphocytes seen in mitosis at 
various stages of metaphase. 
Fig. 8e. A large lymphocyte seen in mitosis. The 
chromosomes are clumped and surrounded by a 
basophilic cytoplasm. Note the large lympho- 
cyte with two or three nuclei. 
Fig. 8f. A small lymphocyte seen with a nucleus under- 
going fragmentation and pyknosis. 
Figs. 8g. and h. A large and small lymphocyte showin7 
pyknosis of the nucleus. 
Figs. 8i and j. A small and large lymphocyte showing 
nuclear fragmentation (karyolysis). 
Fig. 8k. Cytoplasmic fragment with large vacuoles. 
Figs. 9a. and b. Large lymphocytes in mitosis as observed in 
the haemocytometer counting chamber. 








































of the nucleus occurs as a clump in the centre of the cell. 
Such cells usually show a greater degree of basophilia of 
the cytoplasm than the other cells with mitotic figures. 
Other cells were seen in which the chromatin material was 
broken up into chromosomes which were either scattered 
throughout the cytoplasm of the cell or arranged around 
the cell in an orderly fashion. In a few of the cells 
there was a sub;- estion that the chromosomes were collected 
into two groups on either pole of the cell, but in each 
group the chromosomes can be identified. These various 
patterns of the metaphase may be considered as corresponding 
to early, intermediate and late metaphase, even though 
some of the forms were obviously abnormal.. They form 
at times about 50% of the total abnormal cells and there- 
fore up to 2.5% of the total normal cells coming down the 
duct (Table III. and Fig. 7.). 
(ii) Cells with fragmentation of the nuclei. 
(Karyolytic nuclei). Some of the cells showed a nucleus 
which was broken up into two or more fragments. The 
appearance of these cells is shown in Fig. 8f and 811 to 8j. 
Fragmented nuclei were not restricted to the large cells 
alone, but could be seen in both small and large cells. 
The cytoplasm of these usually showed considerable vacuo- 
lation. Up to about 1.01of the total cells of the 
thoracic duct lymph were cells of this type. 
(iii) Cells with pyknotic nuclei. These forms were 
24. 
seen mainly in small cells but occasionally in the large 
lymphocytes. The nucleus in such cells was small and 
condensed, displaced towards the periphery of the cell, 
and surrounded by a vacuolated cytoplasm which appeared 
to be relatively more than that seen in a normal small 
lymphocyte (Figs. 8f to 8h). These cells form up to 
about 1.0% of the total cells in the thoracic duct lymph 
(iv) Anuclear cells or fragments. A few cells, 
or cytoplasmic fragments were seen in which there was no 
remaining nuclear material. Such fragments were not usually 
larger than the small lymphocytes present in the smear. 
These fragments consisted, apparently, of a network of 
basophilic cytoplasm (Figs. 8j and-8g). They were present 
in very small numbers (about 0.54 of the total cells in 
the thoracic duct lymph. 
It may, however, be pointed out that this classification 
of the abnormal cells into four types is not a rigid one. 
A considerable degree of overlap exists among the 
karyolytic, pyknotic and anuclear types of cells, with 
one type tending to merge into the other. 
3. EFFECT OF COLCHICINE ON THE PERIPHERAL BLOOD IN RABBITS 
WITH THORACIC DUCT DRAINAGE 
a) Effect on the total leucocyte count. Fig. 10 
shows the response of the total peripheral blood leucocyte 
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Fig. 10. Total leucocyte counts per cmm.blood in 4 rabbits 
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Fig. 11. The effect of colchicine on the total leucocyte counts 
per cmm. blood in 6 rabbits in which the thoracic duct 
was drained. 
25. 
drained in the four control animals. It can be seen that 
there is a rise in the level of the leucocytes one hour 
after the operation and a marked leucocytosis which sets in 
between 2 and 10 hours. 
Fig. 11 shows that the level of the total leucocytes 
per cubic millimetre of blood following the administration 
of colchicine is greatly depressed during the first hour 
after colchicine injection. This is consistent with 
the finding of other workers (Dixon, 1908; Fagraeus, 1953; 
Harm, 1953). This initial leucopaenia tends to disappear 
gradually but there is no evidence of any leucocytosis during 
the period of 10 hours. The above workers found a marked 
leucocytosis reaching its maximum between 6 and 10 hours. 
This difference may be due to technical differences or the 
fact that the other workers used animals which were unan- 
aesthetised and unoperated, whereas the work which is reported 
here has been carried oat on anaesthetised operated animals. 
Either or both of these two factors, anaesthesia and 
operation, may be responsible for this difference. As 
may be seen from the results in the control animals, 
drainage of the thoracic duct lymph is not by itself 
the cause of the prolonged leucopaenia seen in the six 
rabbits, receiving colchicine. It appeared that more 
study was needed to resolve this problem, and some exper- 
iments on these lines are reported as Part II of the 
present work. 
At the present moment it can only be stated that 
26. 
the effect of colchicine on the blood leucocytes in rabbits 
in which the thoracic duct is draining is to cause an 
initial leucopaenia, which decreases very little and tends 
to persist throughout the period of 10 hours. There is 
no evidence of any leucocytosis. 
b) Effect of colchicine on the blood lymphocyte 
in animals with thoracic duct drainage. It will be seen 
in Fig. 12. and Table IV. that, following the operation of 
thoracic duct drainage there is, in the control animals not 
receiving colchicine, a pronounced lymphopaenia and that the 
level of the small lymphocytes in the blood persists at this 
low level throughout the period of the experiment. It 
should be noted that, about an hour after the drainage started, 
the number of large lymphocytes tend to increase gradually. 
In the animals receiving colchicine, there is also a 
similar pronounced lymphopaenia, as may be seen from Fig. 13. 
and Table V. In some animals, the percentage of large 
lymphocytes decreases in the first or second hour following 
colchicine administration, but the response is not regular 
enough to draw any definite conclusion on this point. 
Examination of the blood smears in colchicine- treated 
rabbits revealed a majority of lymphocytes which looked 
normal and exhibited no nuclear changes. A few of the 
small lymphocytes showed nuclear abnormalities of a similar 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































O I 2 3 4 5 6 
Hours. 
7 8 9 10 11 12 
Fig. 12. The number of lymphocytes per cmm. blood in 4 
control rabbits in which the thoracic duct was 
drained. 
0 I 2 3 4 5 6 
Hours. 
7 8 9 10 II 12 
Fig. 13. The effect of colchicine on the number of lymphocytes 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figs. 14a -c. The nuclear abnormalities seen in the blood 
lymphocytes of rabbits after the administration 




A small lymphocyte showing fragmentation 
and pyknosis of the nucleus. 
A large lymphocyte showing vacuolation of 
the cytoplasm. 






of the same animal (Figs. 14a to 14c) except that no cells 
with normal or abnormal mitotic figures were ever seen in the 
blood. (It should be noted however that in another series 
of experiments occasional mitotic figures were seen in the 
peripheral blood large lymphocytes after the administration 
of colchicine: a report of this is given later.) Some 
darkly- stained masses were observed in the blood smears. 
These may represent smudged nuclei of cells damaged by 
colchicine. 
c) The effect of colchicine on the blood granulocytes. 
Fig. 15 shows the response of the blood granulocytes to 
operative drainage of the thoracic duct lymph in the control 
animals which received no colchicine. There was a granulo- 
cytosis in all animals by the third hour after operation 
and this granulocytosis persisted for the 11 hours of the 
experiment. 
Fig. 16 shows the results obtained in animals receiving 
cyto 
colchicine. There was a granulop aenia in each animal seen 
n 
one hour after the administration of colchicine. Even 
10 hours after colchicine, the number of granulocytes had 
only just crept back to pre- operative levels. These 
changes in the granulocytes are mainly responsible for the 
leucopaenia shown in Figs 15 and 16. This is also 
illustrated in Figs. 17a and 17b. which show the changes 
in total leucocytes, lymphocytes and granulocytes in two 
animals. 
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Fig. 15. The number of granulocytes per cmm. blood in 4 control 
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Fig. 16. The effect of colchicine on the granulocytes per cnm. 
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Hours 
Fig. 17a and 17b. The effect of colchicine on the total 
leucocytes, the lymphocytes and the 
granulocytes per cmm. of blood in 2 
rabbits in which the thoracic duct 
was drained. 
2g, 
c') Effect of colchicine on the monocytes of the peripheral 
blood. In the majority of the experiments, the blood monocytes 
after the injection of colchicine decreased considerably from the 
normal level of about from 250 to 25 cells per cubic millimetre 
of blood. In some smears, no monocytes could be seen 2 to 3 
hours Tter colchicine administration. They reappeared 
usually about g hours later. A similar effect was also seen 
in those rabbits which had thoracic duct drainage without 
colchicine. 
It may be mentioned here that in other experiments 
anaesthesia alone or with operation interference, caused the 
blood monocytes to fall to very low levels. The effect of 
colchicine cannot be considered to be a specific reaction, 
for a wide variety of stimuli cause the same response. 
28. 
of the experiment, acting to inhibit or delay the granulo- 
cytosis that accompanies the operative interference of 
thoracic duct drainage. This problem is investigated 
further in Part II of the present work. 
The above changes refer to the most common type of granulo- 
cyte present in the peripheral blood of rabbits - a cell 
equivalent to the neutrophil polymorphonuclear leucocyte 
of the human, which is sometimes called in rabbits the 
pseudoeosinophil. There was no suggestion of any marked 
change in the number or character of the baso.)hil or the 
true eosinophil polymorphonuclear leucocyte in the 
conditions of these experiments. 
The character of some of the granulocytes as seen 
in May -Grunwald Giemsa stained films was altered in the 
colchicine- treated animals. The cells tended to 
rupture easily, and these cells showed swollen poorly 
stained nuclei, and, in some, the granules were extruded. 
In two out of the six rabbits receiving colchicine some 
of the granulocytes had rounder, more globular and much 
denser nuclei than was seen normally. 
d) The effect of colchicine on the erythrocytes of 
the peripheral blood. It may be noted that there were 
changes in the circulating erythrocytes in the rabbits 
which had received colchicine, the most obvious change 
being the appearance of normoblasts (Fig. 12.). A few 
typical normoblasts were usually seen in the peripheral 
 
Fig. 18. A normoblast in the peripheral blood 4 hours after 
the administration of colchicine to a rabbit. 
Blood smear. May- Grunwald Giemsa x 1000. 
Table VI. 
Table VI. shows the weight of spleen in control and the 
colchicine- treated animals. In both cases the thoracic duct 
had been drained for 11 hours. 
Colchicine Treated Normal Controls 
Rabbit No. Spleen wt.mg. /kv. Rabbit No. Spleen wt. mg. /kg. 
body weight body weight 
TD1 223.2 Cl 439.4 
TD2 232.2 C2 327.3 
TD3 134.0 C3 290.4 





blood two hours after the administration of colchicine. 
Their number increased until between the 6th and 8th 
hour there were from about six to eight normoblasts for 
every 200 white cells counted. Some of the red blood 
cells exhibited polychromasia and in others a basophilic 
reticulum could be seen. No red blood cell counts or 
haemoglobin estimations were made in these experiments. 
4. GROSS AND MICROSCOPICAL EXAMINATION OF THE SPLEEN 
a) Gross findings. The spleen weights in the control 
rabbits and in those receiving colchicine are recorded in 
Table VI. The spleen was weighed eleven hours after 
the thoracic duct had been cut and, in those receiving 
colchicine, ten hours after the injection of the alkaloid. 
It can be seen that the spleens are smaller in the 
colchicine- treated rabbits than in the controls. 
b) Microscopic findings. An occasional lymphocyte 
in mitosis was seen in imprints from tI.e colchicine- treated 
rabbits, but noné was ever seen in the imprints of control 
animals. 
The most striking feature of the sections of spleen 
was the presence of large amount of nuclear debris in the 
red pulp and this was not seen in normal spleen sections 
(Figs. 19. and 20.). The white pulp in no way appeared 
to differ from that of the normal spleens. 
Fig. 19. Section of spleen from a rabbit taken 10 hours after 
the injection of colchicine and 11 hours after lymph 
drainage. Nuclear debris can be seen in the red 
pulp. Haemotoxylin and cosin x 1000. 
Fig. 20. Section of spleen from a rabbit taken 11 hours after 
lymph drainage alone. No nuclear debris can be 
seen. Haemotoxylin and cosin x 1000. 
30. 
Part II; Effect of colchicine on the peripherpl blood leucocytes 
EXPERIMENTAL METHODS 
The methods used in these experiments are those given 
in Part I. (Pp. 4 -16). In addition the following histol- 
ogical methods were used. 
Histology of the lung 
The lungs were fixed in an inflated condition by 
injecting Susa fixative into the trachea (Carleton, 1957). 
Paraffin wax sections were cut at about 511 and stained 
with haemotoxylin and eosin. 
Histology of the liver 
Pieces of liver were fixed in low buffered formol- 
saline, washed, dehydrated, cleared and embedded in paraffin 
wax. Sections were cut at about 5}z and stained with 
haemotoxylin and eosin. 
31. 
Part II: Effect of colchicine on the peripheral blood leucocytes 
RESULTS 
The results of a series of experiments which were done 
to study the effect of colchicine on the blood leucocyte and 
in particular, on the blood granulocyte, are given below, and 
are shown in the accompanying Figs. 21 -33 and Tables VII. --XI. 
These experiments were performed with a view to finding the 
cause of the persisting granulocytopaenia which was observed 
after the intravenous injection of colchicine into the 
anaesthetised rabbits with lymph drainage (Part I. of the 
present work). 
It has been reported by Dixon and Malden (1908) that 
in rabbits, the granulocytopaenia following the subcutaneous 
injection of colchicine disappears gradually after from 1 to 
2 hours, resulting in a granulocytosis which reaches its peak 
from 6 to 10 hours. They used the subcutaneous route for 
the administration of colchicine in unanaesthetized animals 
and it was thought that our results might be due to the 
different route used for the administration of colchicine, 
or to the operative interference. Therefore, the observation 
of the previous workers was re- investigated using colchicine 
intravenously in unanaesthetized unoperated rabbits. 
1. EFFECT OF COLCHICINE ON THE BLOOD GRANULOCYTES 
a) Effect of colchicine on the blood granulocytes in 
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Fig. 21. The effect of colchicine on the number of granulocytes per cmm. blood in 10 unanaesthetised rabbits. 
32. 
Three samples of blood were removed from the ear vein at 0, 1 and 
2 hours, then 2.5mg. /kg. body weight of colchicine was injected 
into the other ear vein, and samples of blood for total 
and differential counts were taken for a period of 10 hours 
at hourly and two hourly intervals. 
The results of these experiments are shown in Fig. 21. 
It may be seen that there is a pronounced fall in the level 
of the blood granulocytes 1 hour after the injection. 
After this initial granulocytopaenia in 6 of the rabbits, 
the level of blood granulocytes rises and continues to rise 
for some hours, exceeding the basal pre- injection levels. 
In rabbit No. CTT1 the rise after the initial depression 
is slow and basal levels are not reached until about 6 hours 
after the injection of colchicine. In the remaining 3 
animals, Nos. CT3 to CT10, there is no evidence of any 
granulocytosis during the period of the observations. It 
may however be noted that in these 3 animals the basal levels 
of the granulocytes before the injection of colchicine are 
higher than those of the other 7 animals, contributing from 
about 68 to 85% of the total leucocytes as against the normal 
levels of from 30 to 50¡5, which were seen ix the other 7 
rabbits. Furthermore, these animals were experimented upon 
simultaneously on the same day and belonged to the same 
fresh stock. It was therefore thought that this variation 
in the response to colchicine may be due to the effect of a 
concurrent infection which the rabbits might have had. A 
33. 
post -mortem examination on these 3 animals was therefore 
made and it was seen that the liver was covered with small, 
round yellowish -white patches varying in size from pin- 
points to about 4mm. in diameter, suggestive of Coccidiosis. 
In view of the above, the results of the experiments on 
these 3 pathological animals are not strictly comparable 
with the other normal rabbits. The results in the 7 
normal rabbits are in agreement with those of the previous 
workers. The cause of the persisting granulocytopaenia 
in the anaesthetised, operated animals with lymph drainage 
appears to be not accounted for by the different route of 
administration of colchicine. 
Further experiments were therefore performed in order 
to investigate possible factors responsible for the granulo- 
cytopaenia in the rabbits with thoracic duct drainage. 
b) The effect of colchicine on the blood granulocytes 
in the sham -operated rabbits. Four rabbits were used. 
A sample of blood was taken at 0 hours. An operation was 
done on the right side of the neck, in an identical manner 
to the operation for exposure of the thoracic duct. Blood 
samples were taken on completion of the operation and the 
following hour. Colchi cine was then injected intravenously 
and thereafter blood samples obtained for total and differ- 
ential leucocyte counts, at hourly or two hourly intervals, 
over a period of 10 hours. 
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Fig. 22. The effect of colchicine on the number of granulocytes 
per cmm. of blood in 4 sham -operated rabbits. 
34. 
be seen that an hour after the operation there is a definite 
granulocytosis at which time colchicine was injected. 
Following the administration of colchicine a profound 
granulocytopaenia occurs within an hour, and this persists, 
for the experimental period, with very little or no recovery. 
There is no indication of a granulocytosis at 6 to 8 hours. 
The results of this experiment therefore suggest that 
the drainage of lymph cannot be the causative factor for the 
persisting granulocytopaenia in the group of 6 rabbits with 
lymph drainage, because the granulocytopaenia occurs even in 
these animals in which there was no interference with the 
flow of lymph. This is further supported by the experiments 
on the 4 control rabbits with lymph drainage not receiving 
colchicine (p. 27), in which a marked and persisting 
granulocytosis occured during the experimental period, in 
spite of the lymph being drained. 
c) Effect of the operation on the blood granulocytes. 
In 2 rabbits, a sham operation was done on the right side 
of the neck as described above, but in these animals no 
colchicine was given. Blood samples were removed as in 
other experiments. 
It will be seen from Fig. 23 that one hour after the 
operation a profound granulocytosis occurs. 
The operation itself is obviously not the cause of the 
persisting granulocytopaenia in the anaesthetised and operated 
animals receiving colchicine. 
2 3 4 5 6 
Hours. 
7 8 9 
Fig. 23. The effect of sham -operation alone (without colchicine) 
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Fig. 24. The effect of colchicine on the number of granulocytes 
per cm. of blood in 4 anaesthetised rabbits. 
35. 
d) Effect of colchicine on the blood granulocytes in 
anaesthetised, unoperated rabbits. Four rabbits were used. 
Hourly samples of blood were taken up to 2 hours and the col - 
chicine was injected immediately and sample of blood were 
taken as before. 
Fig. 24 shows that there was a granulocytopaenia 1 hour 
after the injection of colchicine which persisted throughout 
the experimental period with little recovery. 
The results of these experiments therefore suggest the 
possibility of the anaesthetic acting in conjunction with 
the colchicine to produce the observed deviation in response 
to colchicine from the normal pattern in the anaesthetised 
and operated animals. The followi.g groups of experiments 
appear to lend support to this view. 
e) Effect of anaesthesia alone on the blood granulocytes 
of rabbits. Four rabbits were used. Samples of blood were 
obtained as in the other experiments. 
Fig. 25 shows the results of these experiments. It may 
be seen that within from 2 to 3 hours after the anaesthesia 
there is a marked granulocytosis which persists throughout 
the experiment. 
Anaesthesia by itself, therefore, produces a granulo- 
cytosis but in the colchicine- treated animal as noted above, 
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Hours. 
Fig. 25. The effect of anaesthesia alone on the number of 
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Hours. 
Fig. 26. The effect of colchicine followed 5 hours later by 
anaesthesia on the number of granulocytes per cmm. 
of blood in 4 rabbits. 
36 
f) Effect of anaesthesia on the blood granulocytes, 
five hours after the administration of colchicine. A group 
of 4 rabbits was used. Samples of blood were taken before 
and after the injection at the usual intervals. At the 5th 
hour the rabbits were anaesthetised. 
The results of these experiments are shown in Fig. 26. 
It will be seen that before the administration of the 
anaesthetic, the level of the _; ranulocytes had recovered 
from the initial depression caused by the injection of colchicine. 
On the injection of anaesthetic (a procedure which normally 
gives rise to a granulocytosis, Fig. 25), there is either 
a fall in the level of the granulocytes or the granulocytes 
tend to remain at the same level. 
From the results of all these experiments it appears that 
anaesthesia in the presence of colchicine tends to abolish 
or delay the onset of the granulocytosis which usually 
follows from 6 to 8 hours after the administration of 
colchicine in the normal non -anaesthetised rabbits. Lymph 
drainage, the operative procedure, and the anaesthesia by 
themselves do not cause a granulocytopaenia but on the 
contrary produce a granulocytosis. 
g) Microscopic examination of blood smears. Examination 
of the smears of samples of blood obtained after colchicine 
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Fig. 27. The effect of colchicine on the number of lymphocytes 
per cmm. of blood in 10 unanaesthetised rabbits. 
37. 
same effects on the neutrophils and the cells of the erythrocyte 
series as reported in Part I. (Pp. 28-29). 
2. THE EFFECT OF COLCHICIiTE AND VARIOUS OPERATIVE PROCEDURES ON 
THE BLOOD LYMPHOCYTES 
The level of blood lymphocytes, as well as the level of 
blood granulocytes, was estimated in each of the experimental 
groups described above. 
a) The effect on the number of blood lymphocytes. It 
can be seen from Fig. 27 and Table VII that in the unanaesthetised 
rabbits, a fall in the blood lymphocytes is sometimes seen 
1 hour after the injection of colchicine. This lymphopaenia 
appeared in rabbits in which the basal level of blood lympho- 
cytes was high; with low levels, colchicine appears to have 
little or no effect on the number of lymphocytes. Complete 
recovery from the lymphopaenia usually takes place quickly. 
Figs. 28 and 29 and Tables VIII and IX show the effect of 
colchicine on the number of lymphocytes in the sham -operated 
and in the anaesthetised rabbits. It will be seen that the 
level of lymphocytes falls before the injection of colchicine 
due either to the operation or the anaesthesia or to both, and 
that the administration of colchicine has little or no effect 
on this lymphopaenia. 
From Figs. 30 and 31 and Tables X and XIa, it can be seen 
that anaesthesia alone or sham- operation in the anaesthetised 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 28. The effect of colchicine on the number of lymphocytes 
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Hours, 
Fig. 29. The effect of colchicine on the number of lymphocytes 
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Fig. 30. The effect of sham -operation alone (without 
colchicine) on the number of lymphocytes per 
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Fig. 31. The effect of anaesthesia on the number of 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































pronounced lymphopaenia lasting for the entire experimental 
period. 
It appears therefore that colchicine will depress for 
a short time the number of lymphocytes per cmm. blood if the 
initial level is high: when the initial level of lympho- 
cytes is low, either naturally or due to the operative inter- 
ference, then there is no alteration in this level after the 
injection of colchicine. Anaesthesia, with or without operation, 
depresses the level of the lymphocytes in blood. 
b) The relative numbers of small and large lymphocytes. 
It may be seen from Tables VII -XI that the lymphopaenia which 
occurs in each of the experimental groups is caused by a 
reduction in numbers of both the small as well as of the large 
lymphocytes. 
c) Morpholo,ical characters of the lymphocytes. In the 
experimental groups in which colchicine was administered, about 
from 95 to 97% of the lymphocytes seen in blood smears were 
normal in character and about from 3 to 5i.; cells showed nuclear 
abnormalities similar to the ones seen in the peripheral blood 
described in Part I. Only on one occasion was a large lympho- 
cyte seen showing a mitotic figure. In the thoracic duct 
lymph as many as 2.5,E of the large lymphocytes she .ied mitotic 
figures. It was thought that probably these large cells with 
mitotic figures were either caught up in the lunp3 before 
entering the systemic circulation or might have accumulated 
in the liver or spleen. 
 
RP el," *10 .1 
lb le. Pt 
*it 
(tot 
Fig. 32. Section of lung from a rabbit taken 10 hours after 
the injection of colchicine and 11 hours after lymph 
drainage. Ìuitotic figures may be seen in some of 
the large cells. Susa fixation. Haemotoxylin 
and eosin x 1000. 
Fig. 33. Section of lung from a rabbit taken 11 hours after 
lymph drainage alone. No mitotic figures can be 
seen. Susa fixation. Haematoxylin and eosin 
x 1000. 
39. 
3. EXAMINATION OF LUNGS 
Examination of the sections of lungs from animals treated 
with colchicine revealed a few cells with mitotic figures 
lying amongst the alveolar septa and the surrounding conn- 
ective tissue (Fig. 32). These cells were not seen in the 
lungs of animals which were not injected with colchicine (Fig. 33). 
It is difficult to decide whether these cells in mitosis 
are the large lymphocytes which have been removed from the blood 
of the colchicine- treated animals or whether it is a general 
effect of colchicine in causinf; an arrest of mitosis at the 
metaphase stage of the cells normally present in the lungs. 
4. EXAMINATION OF SPLEEN 
Similar histological changes were seen as those shown 
in Fig. 20. No accumulation of large lymphocytes with 
mitotic figures were seen. 
5. EXAMINATION OF LIVER. 
A search for the large lymphocytes with mitotic figures in 
sections of the liver yielded negative results. 
40. 
Part III; The relation of lymphocytes and antibody formation 
EXPERIMENTAL METHODS 
The methods used in these experiments include those given 
in Part I. of the present work (Pp. 4 -16). In addition the 
following methods were also used. 
1. IMMUNIZATION OF RABBITS 
a) The antigen. Formol-killed Salmonella typhi H antigen 
(tlellcome Research Laboratories) was used in view of the simplicity 
of assay of anti -H antibody and the large amount of previous 
work using this antigen. The antigen suspension containing 
400 x 106 organisms per ml. was centrifuged at 4000r.p.m. 
for half an hour. The supernatant was removed. The organ- 
isms were than resuspended in a calculated amount of sterile 
water so as to get a concentration of 109 per ml. of the organ- 
isms. 
b) Immunization procedure. Young adult rabbits of both 
sexes were used weighing from 2.0 to 3.0kg. Before any 
experiment, the rabbit to be used was bled from the ear vein 
and the serum obtained assayed for agglutinins to H antigen 
of Salmonella typhi. Each rabbit was then given a total of 
3 x 109 organisms, 1 x 109 being injected intravenously, 
intraperitoneally and subcutaneously respectively into the 
left lower quadrant of the anterior abdominal wall. Ìßi 
41. 
some groups of experiments, subsequent injections of antigen 
were given to provoke a secondary response as detailed later. 
2. COLLECTION OF LYMPH 
Lymph was collected from the thoracic duct as in the previous 
experiments (Part I.) for a period of two hours before the 
injection of colchicine. Colchicine was then injected in 
the usual way and hourly samples of lymph were collected for a 
period of 8 hours. A routine examination of the lymph for 
Volume per hour, total cell counts and differential cell 
counts was made. 
a) Preparation of lymphocyte extract. Lymphocytes were 
separated from the lymph after a cell count etc. had been 
made, by centrifuging at 600r.p.m. for 5 minutes. The lymph 
plasma was then pipetted off as far as was possible. The 
volume of the cells was determined by using the formula of 
Harris and Ehrlich (1942) and this was always verified by 
finding the relative volume of the cells in a haematocrit 
tube. To the cells, saline was added in an amount which would 
give a final "dilution" of from 40 to 80. In this way a 
cell suspension varying from 2 to 4m1. was obtained for 
homogenizing. This was carried out by the Potter homo- 
genizer using a nylon plunger rotated by an electric motor. 
The cell suspension was homogenized for 60 seconds. The 
tube was immersed in ice -cold water during the procedure. 
42. 
The homogenate was centrifuged and the clear supernatant 
removed and assayed for antibody. Microscopical examination 
of the deposit showed few remaining intact cells. 
b) Staining of lymph smears. Smears were fixed in methyl 
alcohol. They were then stained by the usual May -Grunwald 
Giemsa method. 
3. ANTIBODY A3 AY 
Antibody estimation on serum, lymph plasma and lymphocyte 
extract were carried out by the doubling dilution method against 
a standard agglutinable suspension of Salmonella, tyohi R -- antigen, equal 
volumes of each of these and this suspension being incubated 
in water bath for 2 hours at 560 C. Readings were taken 3O 
minutes after the tubes had been removed from the water bath. 
The different degrees of agglutination were recognised, 
but not recorded in the results. Any agglutination, from a 
coarse flocculum at the bottom of the Dreyer tube to a suspension 
of particles just visible to the naked eye was taken as indic- 
ating a positive answer. The highest dilution showing 
agglutination was considered as the titre. This value was 
multiplied by 2(as the serum, lymph plasma or cell dilutions 
in the test tubes are further diluted with an equal volume of 
the standard agglutinable suspension of antigen),and recorded 
as the titre. 
Blood serum was obtained in the following way. From 
* Wellcome Research Laboratories 
43. 
1.0 to 1.5ml of blood was collected, in a centrifuge tube, 
from the marginal ear vein of the rabbit. The blood was 
allowed to clot at room temperature or at 37 °C. The clot 
was freed from the side of the tube, which was then centrifuged. 
Clear, or occasionally slightly haemolysed, serum was 
obtained and antibody assays carried out. 
4. PREPARATION AND TRANSFER. OF THE THORACIC DUCT CELLS 
In some experiments, rabbits were immunized with S. typhi 
(H antigen) and, during the period of the immune response, 
thoracic duct lymph obtained by operation as described above. 
From 10.0 to 14.0m1. of thoracic duct lymph was usually 
collected over a period of from 22 to 3 hours. Unnecessary 
bacterial contamination was avoided, the co11ectin7 tubes and 
pi'iettes being sterile, but no true aseptic methods were used. 
The cells were kept alive (i) by using a freshly prepared 
1;, sterile solution of dry Heparin (Boots), in water, as an 
anticoagulant. Although the solution of heparin used previously 
(Liquemin Roche) preserved the cells, it was thought that the 
,phenol present in this solution as a preservative would affect 
the viability of the cells, (ii) by storing lymph at about 
4 °C. during the time of collection and (iii) by avoiding air 
bubbles when pipetting the lymph, for these tend to break up 
the cells. 
From 2.0m1. to 4.0m1. of tle lymph so collected was used 
for the rouúine examination of the lymph and antibody assay, 
44. 
and the remaining volume was used for the actual transfer. 
It was gently but thoroughly mixed and then divided into 
two centrifuge tubes. These were centrifuged at 600r.p.m. 
for 5 minutes to spin down the cells. The supernatant 
lymph plasma was removed as fax as possible. Examination of 
this revealed a few cells only. To each of the tubes, 
1.5ml. of freshly prepared cold Tyrode solution was added 
gradually, and between each addition the tubes were gently 
agitated to break up the pellets of cells. The suspension 
of cells in one of the tubes was injected into one of a pair 
of recipient rabbits, 0.5ml. intravenously and 1.0m1. 
intraperitoneally. The suspension of cells in the other 
tube was heated in a water bath at 56 °C. for 30 minutes. 
It was then injected as above into the other recipient animal, 
0.5ml. intravenously and 1.0m1. intraperitoneally. In 
these experiments, the recipient pairs were always of the 
same sex and approximate weight. 
The time taken from the collection of lymph to the 
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Fig. 34. The effect of colchicine on the rate of thoracic 
duct lymph flow and the cell output per hour in 
3 immunized rabbits. 
45. 
Part III: The relation of lymphocyte and antibodm_formation 
RESULTS 
The results of analysis of the samples of thoracic duct 
lymph and of peripheral blood obtained over a period of 9 hours 
in 3 immunized and anaesthetised rabbits are given below and 
are shown in the accompanying Figs. 34 -38 and Tables XII -XVII. 
Each rabbit was immunized against S. typhi, H- antigen, by 
injecting 8 days prior to operation, 109 organisms intraven 
ously, intraperitoneally and subcutaneously, a total of 3 x 109 
organisms. In each of the animals, thoracic duct lymph was 
collected as decribed above for a period of 2 hours and then 
2.5mg. /kg. body weight of colchicine was injected intravenously. 
1. EFFECT OF COLCHICINE ON THE RATE OF LYMPH FLOW AND THE 
TOTAL NUMBER OF CELLS COMING DOWN THE THORACIC DUCT PER 
HOUR IN IMMUNIZED RABBITS 
a) Rate ofj nph flow. In these three animals, the 
flow of lymph from 1 to 2 hours after the injection of 
colchicine decreased over the experimental period of 9 hours. 
b) Cells per hour. It can be seen from Fig. 34 and 
Table XII that the total number of cells per hour coming 
down the thoracic duct decreases rapidly in No. AD3 and more 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In the immunized rabbit, colchicine may diminish the 
rate of lymph flow and decrease the output of the cells from 
the thoracic duct. 
2. EFFECT OF COLCHICI NE ON THE TYPES OF CELLS CF THE 'THORACIC DUCT 
a) Relative numbers of small and large lymphocytes. 
Table XII gives the relative and absolute numbers of the small 
and large lymphocytes passing down the thoracic duct. It 
can be seen that the absolute numbers of both small and 
large lymphocytes decreases gradually after colchicine 
injection and that the percentage of these cells therefore 
remains constant throughout ihe experiment. The percentage 
of large lymphocytes ranges from 2.5 to 12.0; of the total 
cells of thoracic duct. 
b) Effect of colchicine on the morphology of the thoracic 
duct lymphocytes in the immunized rabbits. The morphology of 
the cells of thoracic duct lymph was studied in smears stained 
with May-Grunwald Giemsa method and in the counting chamber, 
stained by the brilliant cresyl -blue cyanide method. 
Table XIII shows that the majority of cells are the 
normal lymphocytes. They contribute from 96.6 to 99.5% 
of the total cells of thoracic duct. These normal cells 
have the same morphological characters as those of the 
normal lymphocytes described in Part I (Pp. 20 -21). The 
remainder 0.5 to 3.4;6 were the abnormal cells described 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































--.Total abnormal cclls. 
o--- -oCclls in mitosis. 
o 
Fig. 35. Percentage of abnormal cells and the cells in mitosis 
in terms of the total cells of thoracic duct per hour 
in 3 immunized rabbits. 
47. 
one hour after the administration of colchicine. 
Among the abnormal cells, as may be seen from Table XIII 
and Fig. 35, the large cells showing mitotic figures at the 
metaphase stage, predominated and in one animal a~ many as 
2.8% Of the total lymphocytes were cells of this type. It 
may also be noted that from 6 to 7 hours after colchicine 
injection, the only type of abnormal lymphocytes seen in the 
thoracic duct lymph were cells in mitosis. 
It should also be noted that the lymphocytes coming 
down the thoracic duct in the immunized rabbits, before the 
injection of colchicine, showed no obvious differences in 
morphology when compared with the lymphocytes of the thoracic 
duct in the normal unimmunized control rabbits. There was 
no evidence of increased basophilia in the cytoplasm of the 
cells. The apparently normal lymphocytes and the abnormal 
lymphocytes seen in the thoracic duct lymph after the 
administration of colchicine to the immunized animals were 
similar to the thoracic duct cells seen in unimmunized rabbits 
receiving colchicine. 
3. EFFECT OF COLCHICINE ON THE ANTIBODY LEVEL OF THE BLOOD 
SERUM, THE THORACIC DUCT LYMPH CELLS AND PLASMA IN 3 
IMMUNIZED RABBITS 
Table XIV shows the titres of blood serum and lymph cells 
and plasma. The method of estimating the cell titres is 




















































































































































































































































































































































































































































































































































































































































































































































































and cells appear to have similar titres, differing, if at all, 
by only one tube. A considerable difference can however 
be seen between the lymph plasma titres and the serum and cell 
titres, the lymph plasma titres being always significantly 
lower than the other two. 
The level of the antibodies of serum, thoracic duct cells 
and plasma remains constant throughout the experimental period. 
It appears therefore that colchicine has, within the period 
of observation, no effect on the antibody levels existing in 
serum, thoracic duct cells and lymph plasma. 
4. EFFECT OF COLCHICINE ON THE PERIPHERAL BLOOD OF THE 3 
IMMUNIZED RABBITS WITH THORACIC DUCT DRAINAGE 
a) The total and differential leucocyte counts. Figs. 36 -3e 
show the response of the total peripheral blood leucocytes and 
the number of granulocytes and lymphocytes per cubic millimetre 
of blood following the administration of colchicine in the 
3 operated and immunized rabbits. It can be seen that the 
effects on the blood leucocytes in general are similar to the 
ones obtained in non -immunized operated animals receiving 
colchicine as reported in Part I.( Pp. 24 -28). 
It may be seen from Table XV and XVI that, before the 
injection of colchicine, the percentage of the large lympho- 
cytes relative to the total number of lymphocytes in blood of 
these 3 immunized rabbits is 18.1, 23.5 and 23.9 respectively 
(mean 21.8,). During the preparation of these Tables it 
o 2 3 4 5 
Hours. 
6 
Fig. 36. The effect of colchicine on the total leucocyte 
counts per cmm. of blood in 3 immunized rabbits 
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Hours 
Fig. 37. The effect of colchicine on the number of granulocva tes 
per cmrn. of blood in 3 immunized rabbits in which the 
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Fig. 38. The effect of colchicine on the number of lymphocytes 
per cmm. of blood in 3 immunized rabbits in which the 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































was noted that the corresponding figures for 10 unimmunized 
rabbits range between 5.6 and 17.6 with a mean of 9.4 *-4.5;, 
(Table XVI). 
It may also be seen from Table XVI that the absolute 
number of large lymphocytes in the blood at the start of the 
experiment are higher in the immunized rabbits than those in 
the unimmunized rabbits, while the numbers of small lympho- 
cytes are lower. There are no obvious differences in the 
proportions of absolute numbers of small and large lym2ho- 
cytes in the thoracic duct lymph. 
The number of immunized animals is too small to state 
that immunization increases the numbers of large lymphocytes 
and the proportion of large relative to small lymphocytes in 
the blood: but the possibility should be investigated 
further. 
On examination of the blood smears for a differential 
leucocyte count, it was noted that about 5.0% of the cells 
were small lymphocytes exhibiting nuclear abnormalities 
similar to the ones seen in the unimunized operated animals 
receiving colchicine (Pp. 25 -26). Only on one occasion was 
a large lymphocyte seen with a mitotic figure. 
b) The effect of colchicine on the erythro Vites of the 
of the peripheral blood. The changes in the circulating 
erythrocytes correspond to those seen in the previous experiments 
in unimmunized rabbits OPp. 28 -29). 
50. 
5. GROSS AND MICROSCOPIC EXAMINATION OF THE SPLEEN IN IMMUNIZED 
COLCHICINE- TREATED RABBITS 
a) Gross findings. The spleen weights in the 3 immunized 
animals receiving colchicine are shown below. The spleen was 
weighed 9 hours after the duct was cut. 




439.8t23.15mg./kg. body weight 
It can be seen that the spleen weights are not significantly 
different from the spleen weights in the 4 normal control 
animals having had the lymph drained for 11 hours. The 
spleen weight in those rabbits was 378.1t81.3mg. /kg. body 
weight (Table VI). There is however a significant increase in 
the weights of spleen of the immunized rabbits receiving 
colchicine when compared to the ones in the 6 unimmunized 
rabbits receiving colchicine, in which the weight was 
223.2 ±58.7mg. /kg. body weight. (Table VI). 
b) Microscopic findings. A few large lymphocytes in 
mitosis were seen in the imprints. No examination of spleen 
sections was made. 
51. 
It was decided to extend these studies on lymphocytes 
and antibody formation by transferring thoracic duct lymphocytes 
from immunized donors to normal unimmunized recipients and to 
follow up the appearance of the specific antibody in the sera 
of the recipients. 
Transfer of lymphocytes from immunized rabbits into normal recipients 
Rabbits were immunized with 3 x 109 organisms of 
S. typhi (H antigen), 109 being injected into each of three 
sites intravenously, intraperitoneally and subcutaneously into 
the left lower abdomen. Ten days later, the same number 
of organisms were given in the same manner in order to 
evoke a secondary response. On the fifth day after the 
2nd injection, the thoracic duct lymphocytes were transferred 
to the normal rabbits. 
In a preliminary experiment 2 x 108 of unheated thoracic 
duct lymphocytes were injected intravenously into one of a 
pair of recipient rabbits and the same number of heat killed 
cells into the other recipient animal. No antibodies 
could be demonstrated in the sera of the two animals over 
a period of 10 days. This failure of the appearance of 
antibodies was thou_;ht to be due possibly to injury of the 
cells because of technical mistakes. The remainder of the 
experiments were more successful. 
52. 
The results of the transfer of thoracic duct lymphocytes 
into a group of 15 recipient rabbits are given below and are 
shown in the accompanying Figs. 39a and 39b. and Table XVII. 
The antibody titres of the blood serum, cells and lymph 
plasma of the donor rabbits are also reported in Table XVII. 
A total of from 1.2 to 2.9 x 108 of thoracic duct lymphocytes, 
having from 1.10 to 2.7 x 108 small lymphocytes and approxim- 
ately from 0.08 to 0.22 x 108 large lymphocytes, were 
injected intravenously and intraperitoneally into each of 
the recipient rabbits. Out of the 15 rabbits, 7 acted as 
controls and received thoracic duct lymphocytes which 
were killed by heating in a water bath at 56 °C for 30 
minutes, and 8 animals were injected with the living lympho- 
cytes. The serum antibody titres were estimated on 
1, 2, 3, 4, 5, 6, 7, 9, 11, 13, 15, 18, 21, and 24 days 
after the injection. In each of the experiments, except 
No. A8 the recipient rabbits were in pairs of the same sex 
and approximately the same weight: one of the pair received 
killed cells and the other the live cells. The methods 
used are described on Pp. 43 -44. 
In experiment No. A8 no corresponding control animal 
was used because a sufficient amount of lymph could not be 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1. ANTIBODY TITRES OF THE SERUM CELLS AND LYMPH PLASMA OF 
DONOR RA:BITS 
It will be seen from Table XVII that in the donor rabbits 
the antibody titres in the serum and of the cells are always 
higher than that of the lymph plasma titres, a finding which 
is in accord with the result given in the experiments reported 
above on p. 48. 
2. ANTIBODY TITRES OF THE SERA IN THE RECIPIENT RABBITS 
Figs. 39 a:and 39b show the results of antibody estimation 
in these animals. In one out of the 7 control animals, a 
pre -existing titre of the antibody specific to H- antigen was 
present (No. K4). In most of the control animals receiving 
killed cells, antibody specific to S. typhi, H- antigen, 
appeared in the sera of the recipient rabbits in very low 
titres ranging from 2 to 4 on the 1st day after the injection 
of the thoracic duct lymphocytes. The following day, the 
titre either fell below the threshold of measurements used 
in these studies, or the antibody persisted at a low level 
for from 4 to 9 days. In recipient No. K6, measurable 
amounts of antibody appeared on the 5th day; none, however, 
could be demonstrated on the next day. In the recipient 
No. K4, the response was exceptional; the antibody titre 
was 16 on the 1st day after injection of the killed lympho- 





































































































































































































































































































































































































thereafter declined, and was not measurable on the 21st day. 
The antibody titres of the donor rabbit in this experiment 
were very high. 
Antibody was present in the sera of the animals receiving 
unheated lymphocytes on the 1st day after the transfer. The 
antibody titres were similar to those of the controls receiving 
heated cells. Unlike the majority of the controls, however, 
the serum titres then rose gradually for some days. In 
7 of these rabbits, titres of from ó to 64 were reached by 
the 6th day. In the recipient rabbit No. A4, (the pair to 
rabbit No. K4), a peak value of 204$ was attained. By about 
the 11th day the antibody titres begin to decline and to fall 
below the threshold of measurement by about the 21st day or 
even later. 
When the pairs of recipient rabbits (Kl:A1 - K7:A7) 
are corn ared it can be seen that the antibody levels are 
always considerably higher in the rabbits receiving unheated 
lymphocytes. The titres in this group rise for some days, 
maintain this level and then gradually decline from about 
the llth day. The titres in the rabbits receiving killed 
lymphocytes remain low and have usually disappeared by the 
9th day or earlier. Animal K4 is an exception; but in this 
animal also the antibody levels remained significantly 




The effect of colchicine on the lymphocytes of the thoracic 
duct and blood discussed in relation to the formation of 
lymphocytes. 
Lymphocytes are produced in the nodes and in other 
lymphoid tissue scattered over the body. A main site of 
production is the lymph node as shown by the fact that there 
are more lymphocytes in the efferent than in the afferent 
vessels of the lymph glands (Drinker and Yoffey, 1939a). 
The addition of a large number of lymphocytes to the lymph 
while passing through a lymph node has been shown by Florey 
(1926 -1927) in the guinea pig, Haynes and Field (1931) in 
the dog and Baker (1932 -1933) in the cat. 
Nearly all the lymphocytes which continually escape from 
the lymph nodes into the lymph enter the circulating blood by 
way of the thoracic duct and the right cervical and subclavian 
and the right lymphatic ducts. Blalock, Robinson, Cunningham 
and Gray (1937), by lymphatic blockage in dogs and cats, 
showed that the level of the circulating lymphocytes fell 
almost to zero in experiments where blockage was complete. 
A few of the lymphocytes may however reach the blood directly 
by way of the lymphatico- venous communications in the 
abdomen and thorax (Andreasen and Gottlieb, 1947), or may 
escape through the stomata in the endothelium of the post- 
56. 
capillary veins of the lymph nodes (Sanders, Florey and Barnes, 
1940). 
The total number of cells coming down the lymphatic 
ducts are sufficient to replace all the lymphocytes of the 
blood about 11 times a day in the rabbit, giving a life - 
span of the lymphocytes as about 2 hours only (Hughes, May 
and Widdicombe, 1956. Since the number of the lymphocytes 
in the blood remains relatively constant under normal 
conditions, it follows that over a given period as many leave 
the circulation as enter it. In spite of the tremendous 
numbers of cells involved, it is not known for certain 
where these lymphocytes that leave the peripheral blood are 
going, although several suggestions have been put forward 
to explain this. The following brief discussion indicates 
some of these suggestions. 
Wiseman (19311932) suggests that the lymphocytes 
disintegrate shortly after they enter the blood; lympho- 
cytes have however been seen to live for several days in the 
rabbit's ear chamber (Ebert, Sanders and Florey, 1940). 
According to Bunting and Huston (1921), lymphocytes 
migrate through the intestinal epithelium and leave the organism 
by way of the lumen of the intestines. Erf (1940) showed 
that, in rabbits, intravenously injected lymphocytes still 
disappear in the absense of a gastrointestinal tract. It 
is difficult to relate experiments on such mutilated animals 
to the normal phr3iology of the intact animal. 
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Andrew and Andrew (1949) believe that the lymphocytes 
migrate to the epidermis and are transformed there into 
epithelial cells. 
Yoffey and Parnell (1944) consider that the lymphocytes 
from the blood stream are filtered in the bone marrow and act 
as the precusors of the other blood cells. Bloom (1928) and others 
have said that lymphocytes may be transformed into many other types 
of cell, but Ebert et al. (1940) failed to see such a transformation 
in the rabbits's ear chamber, while Hall and Furth (1938) and 
J. Medawar (1940) could see no evidence of transformation in 
lymphocyte survival experiments in vitro. 
Sjóvall in 1936 suggested that lymphocytes pass from the blood 
back into the lymphatic system. This idea, that there may be a 
recirculation of the lymphocytes, has been supported by some 
recent work involving labelling of the cells in various ways. 
Farr (1951) gave autogenous transfusions of lymphocytes labelled 
with a fluorescent dye. He found that the majority of the cells 
injected could be seen in the lymphatic tissue 12 hours later. 
Whether or not these were living lymphocytes could not be decided 
from his experiments. Ottesen (1954) labelled white cells with 
P32 and showed that the lymphocytes formed two groups: a few cells 
had a life -span of about 3 days, while the majority of the lympho- 
cytes had a mean age of from 100 to 200 days. It may be that the 
long life of the majority is explained by a recirculation from the 
blood back into the lymphatic tissue. Moreover Gowans 
(1957) has shown that the fall in the 
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lymphocyte output from the thoracic duct which occurs two 
days after continuous lymph drainage in the rat can be 
prevented if living lymphocytes, collected from the duct 
are returned to the blood. Dead cells had no such effect. 
The entry of the living lymphocytes into the blood appears 
to be essential for maintaining the output of the lymphocytes 
from the thoracic duct: a situation most easily explained 
by a recirculation of the transfused cells. 
Assuming that a recirculation of lymphocytes occurs, 
the majority of the cells in the thoracic duct lymph would 
be old lymphocytes rather than the newly formed cells. In 
this case a mitotic- inhibitor should not reduce appreciably 
the output of lymphocytes into the blood. If however, 
recirculation does not occur or occurs on a limited scale, 
a mitotic- inhibitor should reduce the numbers of lymphocytes 
entering the lymph en route for the blood, since the 
lymphocytes will be newly- formed cells. It is possible 
however that lymphocytes after formation wait in the lymph 
nodes before they are discharged into the lymph. In this 
case, a mitotic -inhibitor might not affect the output of 
cells into the lymph ducts immediately. 
In the present experiments the effect of colchicine, 
a mitotic-inhibitor, on the thoracic duct lymph and its 
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content of cells was studied. Changes in the peripheral 
blood, the lungs, spleen and liver were also observed at 
the same time. 
Colchicine was found to have no consistent effect on 
the rate of lymph flow, but increased the hourly output 
of the thoracic duct lymphocytes independently of the rate 
of flow. As much as 50 ¡, (or more) increase in the output 
of cells was observed in rabbits, 2 to 3 hours after colchicine, 
declining thereafter to reach a level usually slightly 
below the basal figure. 
The increase in the hourly output of both small and 
large lymphocytes in the thoracic duct lymph after the 
injection of colchicine to some pharmacological 
action of the alkaloid other than its anti - mitotic action. 
One possible mechanism by which colchicine may act is by 
enhancing gastrointestinal activity by neurogenic stimulation 
(Ferguson, 1952; Goodman and Gilman, 1955). This may 
be responsible for the increased cell output into the 
lymph; splanchnic nerve stimulation is known to increase 
output of thoracic duct lymphocytes (Florey, 1927). 
It is plain however that colchicine caused no significant 
decrease in the numbers of the thoracic duct lymphocytes 
throughout the experimental period of 10 hours. If one 
is not being misled by some over- riding pharmacological 
action of colchicine other than its anti- mitotic effect, 
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these experiments show that at least the majority of the 
lymphocytes of the thoracic duct have not been formed in 
the preceding few hours. Gowans (1957), from his experi- 
ments, argues that the output of the thoracic lymphocytes 
could be maintained when living but not dead lymphocytes 
were transfused in cannulated rats for one of three reasons. 
First the transfused lymphocytes themselves recirculate; 
secondly the cell breakdown products stimulated mitosis 
in the lymph nodes; and thirdly that some of the cells 
(presumably the large lymphocytes) divided to produce a 
large number of new lymphocytes. It is unlikely, if our 
present experiments are applicable to the cannulated rat 
as well as the rabbits, that either of the last two reasons 
given are valid, for a mitotic- inhibitor causes no fall in 
the number of lymphocytes even over a period of 10 hours. 
The most striking effect of colchicine on these cells 
is the appearance of nuclear abnormalities. From 95 to 99% 
of the lymphocytes looked apparently normal and exhibited no 
nuclear changes, but from 1 to 5% of the lymphocytes showed 
obvious nuclear abnormalities. These abnormal cells were 
seen within an hour or even earlier (20 minutes) in the 
thoracic duct lymph on the administration of colchicine. 
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Up to 2.5% of the total cells in the thoracic duct lymph were 
large lymphocytes showing mitotic figures at various stages 
of metaphase. 
It is interesting to note that mitotic figures were 
always seen in the large lymphocytes and never in the small 
lymphocytes of the thoracic duct lymph. This suggests that 
the large lymphocytes can divide but not the small lympho- 
cytes. This is in agreement with the results of previous 
workers. Hall and Furth (1938), on the basis of in vitro 
studies on the thoracic duct lymph in rabbits and dogs 
suggested that the medium and large lymphocytes divided to 
Produce small lymphocytes. Mann and Higgins' (1954) work 
on the rat's lymph also suggested a rapidly 
large lymphocyte could be responsible for maintaining 
lymphocyte production in long -term thoracic duct cannulated 
animals. Ottesen (1954), by using P32 for labelling the 
desoxyribose nucleic acid (DNA) of the cell nuclei, has 
demonstrated that one type of lymphocyte has a very short 
life -span in the blood, while the majority of the cells 
(78 to 89;x) have a long life -span of 100 to 200 days. 
This is consistent with the large lymphocyte being a cell 
that divides while the small lymphocyte remains undivided 
for a very long time. Gowans (1957) has shown that the 
rat's thoracic duct lymph contained about 5% of medium and 
large lymphocytes which were seen to divide in vitro. 
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Moreover, in more recent work, he has found that tritium - 
labelled thymidine is incorporated rapidly into the DNA of 
medium and large lymphocytes but not into the small lympho- 
( Gowahs 1959). 
cyte, Such incorporation would occur during cell division 
and its absenee in the small lymphocyte in the early stages 
of the experiment shows that this cell has not divided or 
been formed in that period. 
Other abnormalities, particularily those described as 
karyolysis and pyknosis, were seen in the nuclei of both 
large and small lymphocytes. Anuclear cell fragments 
were also found, usually 61.1 or less in diameter. Some of 
these nuclear abnormalities correspond to those reported 
by Brues and Jackson (1937) and by Roberts, Florey and Joklik 
(1952) in the liver cells of animals given colchicine after 
partial hepatectomy. They are presumably due to degenerative 
changes in the nuclei either before cell- division or during 
division. In the latter case chromosomal material is 
scattered in the cytoplasm. There are also some cytoplasmic 
changes in the large cells: the basophilic material, as seen 
in stained smears, is collected into a meshwork; the inter- 
stices of this mesh are eosinonhil. There is also, in many 
cells, considerable vacuolation. These cytoplasmic changes 
are also seen in the lymphocytes of peripheral blood. They 
were also observed in the regenerating livers of mice 
partially hepatectomized and given colchicine (Roberts, 1955). 
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The injection of colchicine caused, within an hour, 
a lymphopaenia when the preinjection level of blood lymphocytes 
was high. This occurred in unanaesthetised rabbits; it 
was also seen in the anaesthetised and operated animals, but 
in these the position is complicated, for anaesthesia alone or 
anaesthesia and operation cause a marked lymphopaenia by 
themselves. These results are in agreement with the work 
of Sanders, Florey and Barnes (1940) and others who 
observed that any prolonged operation gives rise to a 
marked lymphopaenia, irrespective of whether the main ducts 
are cannulated or not. Yoffey (1933), showed that a profound 
lymphopaenia occurred in anaesthetised animals left quietly 
for 2 hours. 
The fall in blood lymphocytes occurring after colchicine 
is probably not a specific effect due to the anti -mitotic 
activity of the alkaloid; the injection of colchicine is 
possibly one of a large group of stimuli causing lympho- 
paenia. 
The blood lymphopaenia after colchicine administration 
affects the numbers of both small and large lymphocytes. The 
majority of the lymphocytes are apparently normal cells but 
about 5% exhibited nuclear abnormalities of similar nature to 
those of the thoracic duct lymphocytes. Only an occasional 
large lymphocyte showing a mitotic figure was seen in the 
peripheral blood in colchicine- treated animals; it should 
be noted however that 2.5% of the thoracic duct lymphocytes 
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draining into the blood at this time are in arrested mitosis. 
Some explanation as to where these cells go is required. 
It is possible that they fragment in the blood; this 
fragmentation may account for the many nuclear masses and 
smudged cells observed in the blood smears. If this was so, 
one would expect to find a decrease in the proportion of the 
circulating large lymphocytes. The blood of some colchicine- 
treated animals did show such an effect - in others there was 
no regular change in this direction. It is more probable 
that the large cells in mitosis were filtered out in the 
pulmonary circulation. In sections of the lungs, a few 
large cells in mitosis could be seen. Some of these may 
have been large lymphocytes. The role of the lungs in 
removing and sequestrating foreign injected leucocytes and 
lymphocytes has been demonstrated by various workers 
(Osogoe, 1950; Weisburger, Guyton, Heinle and Storaasli, 1951; 
Ambrus, Ambrus, Johnson, Packman, Chernick, Back and Harrison, 
1954; Bierman, Kelly and Cordes, 1955) . The absence of 
the many colchicine- mitotic figures in the large lymphocytes 
of the spleen lends support to the view that the large cells 
in mitosis seen in the lunr;s are the large lymphocytes 
removed from the blood by the lung capillaries before 
reaching the systemic circulation. 
A crucial experiment would be to examine samples of blood 
removed from the pulmonary artery, the pulmonary veins and from 
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the cavities of the heart in colchicine- treated animals 
so as to track the path of large lymphocytes in mitosis 
coming from the thoracic duct. Preliminary experiments 
on these lines show that colchicine- mitotic figures can be 
seen in the blood obtained from the innominate vein but 
not in systemic arterial blood. 
The effect of colchicine on peripheral blood granulocytes 
with particular reference to the effect of colchicine and 
anaesthesia 
Previous workers have described changes in the level 
of granulocytes in the peripheral blood after colchicine 
administration. Accordingly, in the present series of 
experiments, changes in the blood granulocytes were 
followed. In the unanaesthetised rabbits, the effect of 
colchicine was to produce an initial granulocytopaenia, 
occurring at about 1 hour after the administration of the 
alkaloid; this granulocytopaenia was followed in the next 
few hours in the majority of experiments by granulocytosis. 
These results are in agreement with those of various workers 
(Dixon and Malden, 1908; Fagraeus and Gormsen, 1953; 
Harm, 1953). In the anaesthetised rabbits, with or without 
operative interference, the initial granulocytopaenia 
produced by colchicine tends to persist without any evidence 
of a granulocytosis; this has apparently not been noted 
previously in the literature. 
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Dixon (1912) thought that the granulocytopaenia was 
caused by the granulocytes being expelled from the circulation 
and collecting in the various tissues of the body, especially 
in the bone marrow and the lungs. No quantitative studies 
on these two tissues were, however, made. Fagraeus and 
Gormsen (1953) suggested that the initial granulocytopaenia 
is probably due to a toxic effect of colchicine causing a 
peripheral lysis of the granulocytes. Although there were 
a few ruptured granulocytes in the blood smears of colchicine- 
treated animals in our experiments, their number did not 
appear to account for the profound granulocytopaenia which 
occurs. There was no evidence from sections of the lungs 
that granulocytes collected in any great numbers in the 
pulmonary circulation. The cause of the granulocytopaenia 
following the injection of colchicine remains obscure. 
The granulocytosis which follows the initial granulo- 
cytopaenia in unanaesthetised animals is considered to be due 
to the granulocytes re- entering the circulation; at this 
time the numbers of these cells in the bone marrow are found 
to diminish (Dixon, 1912). Fagraeus and Gormsen (1953) 
suggest that the granulocytosis is due to the irritation which 
is produced by the toxic effect of colchicine on the 
blood - producing tissues. 
The absence of the granulocytosis in the anaesthetised 
rabbits could be due to the anaesthetic causing an increased 
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toxicity of the alkaloid. As there were no other manifestations 
of increased toxicity in the animals, this seems to be a very 
unlikely explanation for the persisting granulocytopaenia. 
It is possible that changes in the mechanism by which 
the release of the granulocytes occurs from the leucocyte - 
forming tissues may be responsible for this granulocytopaenia. 
Another way in which colchicine and anaesthesia may be 
acting is to depress the production of the granulocytes 
by arresting mitosis. This effect of colchicine to arrest 
mitosis may be facilitated in the presence of the anaesthesia. 
Further studies on this problem are obviously indicated; 
the normal mechanism of the response of the granulocytes to 
colchicine - decrease followed by an increase - must be 
elucidated first before the alteration of the response in 
anaesthetised animals can be understood. It would seem 
to be profitable to examine the blood -forming tissue further 
in colchicine- treated animals. 
In some of the colchicine- treated rabbits the lobulated 
nuclei of the granulocytes were converted into globular 
nuclei. This change has been described by Harm (1953) 
in the heterozygous Pelger rabbit. She showed that the 
nuclei of the granulocytes of these animals were changed 
by colchicine from a lobulated into a globular form so that 
they came to resemble the nuclei of granulocytes from a 
homozygous Pelger rabbit. 
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The relation of lymphocytes and antibody formation 
The lymphoid tissue of the body has been implicated 
as the seat of antibody formation. In 1935, McMaster 
and Hudack showed that antibody may be formed in the lymph 
nodes. These workers injected one antigen into the right 
ear of a mouse and a different, but related, antigen into 
the left ear. They found that specific antibody appeared 
first and to a higher titre in the lymph node draining 
the ear injected with the corresponding antigen. Ehrich 
and Harris (1942) extended these studies further and examined 
the lymph in the efferent and the afferent vessels of tike 
draining popliteal node of a rabbit into the foot pad of 
which typhoid antigen or sheep erythrocytes had been injected. 
They found the appearance of antibody from 2 to 4 days, 
the titre of antibody reaching its peak after the 6th day. 
The titre was always higher, by as much as 100 times, in 
the lymph of the efferent vessel than in the afferent vessel. 
They found at the same time an increased output of the 
lymphocytes in the efferent vessels. 
Harris, Grimm, Mertens and Ehrich (1945) collected the 
lymph from the efferent vessel of the popliteal lymph node 
of a rabbit injected into the foot pad with typhoid antigen 
or sheep erythrocytes. On analysis of the antibody titres 
of the cells (99% of the cells were considered by them as 
lymphocytes) and of the lymph plasma they discovered that the 
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titre of antibody of the cells was always higher than that of 
the lymph plasma being in the proportion of 8 :1 to 16 :1. 
Further, they thought that the lymphocytes could neither absorb 
nor adsorb antibody when incubated with plasma containing 
large amounts, thus showing that the lymphocytes had not 
passively taken up antibody from the surrounding plasma in 
their experiments. 
Dougherty, Chase and White (1944), White and Dougherty (1945) 
and Kass (1945) reported that, in mice immunized with sheep 
erythrocytes, the extracts obtained from the lymph glands 
yielded large amounts of antibody; the antibody titre was 
about 6 to 8 times that of the corresponding blood serum. 
The methods of estimating cell titres have, however, been 
questioned (Haleb, Endicott, Bell and Spear, 1949). 
The lymphoid tissue undoubtedly takes a part in the 
formation of antibody, but which cell is responsible is more 
doubtful. The general literature on this subject has been 
reviewed by Roberts and Gowans (1958). Here the work that 
has been done on this subject using the technique of cell 
transfer will be considered and discussed in relation to 
the present studies on thoracic duct lymphocyte transfers 
from antibody- producing rabbits. 
The general scheme into which these studies fit is that 
cell suspensions of an immunized donor animal are transferred 
into normal recipients usually of the same species; the 
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appearance of antibody in the blood. serum is then followed. 
Such a response in which antibody formation is induced by 
living transferred cells is called 'adoptive immunity' 
(Billingham, Brent and Medawar, 1954) . The first 
experiments of this type were conducted by Deutsch (1399). 
Topley's work (1930) is perhaps the most careful of 
these earlier studies: he used rabbits and transferred 
spleen cells, differentiating between passive, active and 
adoptive immunization. 
Chase (1951) showed that when the cells from the lymph 
nodes of a guinea pig immunized with sheep erythrocytes were 
injected into a normal recipient, antibody could be demon- 
strated in the serum of the recipient within a day of transfer 
of the cells. 
In a large series of experiments, the Harris' and their 
co- workers, (Harris and Harris, 1949; 1950; 1954; Harris, 
Harris, Beale and Smith, 1954; Harris and Farber, 1954; 
Harris and Harris, 1955) hale transferred suspensions of 
lymph node cells from the popliteal node of a donor 
immunized against dysentery bacilli into normal recipient 
rabbits, the injection being made into the foot pad. Such 
a transfer results in the appearance of a_ ,;lutinins in the 
serum of the recipient. The agglutinin titre rises to reach 
its peak values on the 3rd day, starts to decline gradually 
by the 5th day; it is not measurable later than the 23rd to 
AOtli day. Killed or injured cells when transferred failed 
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to produce this effect. 
Other studies by Bellingham, Brent and Medawar (1954) and 
by Mitchison (1955), have shown that an adoptive immune reaction 
can be produced when living cells are transferred. Mice 
were used in these experiments and lymph node cells were 
transferred; the immune reaction studied was that resulting 
from tissue transplantation. Mitchison (1957) continued 
these experiments, using spleen cells and a bacterial antigen; 
he showed that, if the homograft reaction to the transferred 
cells was circumvented, either by irradiating the recipient 
mice or by using inbred strains of mice, then the antibody 
response in the recipient was prolonged beyond 25 days. 
The transferred cells had obviously lived and continued to 
produce (or to give rise to other cells which produced)antibody. 
The results of these transfer experiments do not indicate 
which of the lymph node or spleen cells actually form the 
antibody. A very mixed population of the cells is transferred 
in these cases. The use of a pure population of one type 
of cells would obviously clarify the mechanisms involved. 
Weeslén (1952) used thoracic duct lymphocytes as a 
relatively pure population, in studies on antibody formation. 
He injected into normal recipient guinea pigs a suspension 
of the lymphocytes separated from the thoracic duct lymph 
of donor rabbits immunized against horse serum. When an 
intravenous injection of 0.3ml. of horse serum was made, 4 days 
after transfer of cells, the guinea pigs showed severe 
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anaphylactic reactions. 
Holub (195-0 in similar studies used thoracic duct 
lymphocytes which were mixed with bacterial antigens, 
Brucella suis and S. paratyphi B; in the proportion of 
2 to 6 organisms per cell. The cells were transferred to new- 
born rabbits of 2 to 5 days old. These have been shown 
to be incapable of reactin 1 antigen by an active immune 
response. Antibody could be demonstrated 2 days after the 
cell transfer and attained a peak titre of 32 or 64 after 
5 to 8 days. It would be helpful in the interpretation 
of these results if independent evidence could be established 
that rabbits up to 13 days old cannot produce antibody even 
to such low titres. 
In the present work the problem of the role of lymphocyte 
in antibody formation was approached in two ways. In one, 
colchicine was used and its effect on the thoracic duct 
lymphocytes was studied in the immunized rabbits. In the 
other, thoracic duct lymphocytes from antibody -producing 
rabbits were transplanted to normal rabbits. 
The effects of colchicine were observed in relation to 
changes in thoracic duct lymph, peripheral blood and spleen 
and the relative antibody titres of blood serum, lymph 
plasma and lymph cells. 
The rate of flow and the output of cells per hour of 
(Sterzl, 1957) 
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the thoracic duct lymph were moderately decreased in the immunized 
rab }_its when colchicine was given; both small and large 
lymphocytes being affected to the same extent. There was no 
evidence whatsoever of the early peak increase in the cell 
output seen in the 5 out of 6 of the unimmunized rabbits 
given colchicine. The mechanism of this altered response 
is not under- stood. It cannot be said, from such a small 
series, to what extent the longer term response to colchicine 
in these immunized rabbits differs from the longer term 
response seen in normal rabbits: there is no great difference. 
The numbers and proportion of large cells coming down 
the thoracic duct in the immunized rabbits before colchicine 
administration was about 17 x 106 per hour and 8%. These 
do not differ significantly from the corresponding figures for 
unimmunized rabbits (13.4 +12.7 x 106 per hour and 7.6 ±3.6%). 
It will be remembered that, in the unimmunized rabbits, large 
lymphocytes in mitosis formed up to 2.5% of the total 
cells in the thoracic duct after the injection of colchicine. 
In the immunized rabbits the proportion was at the most 2.8;ß; 
there was thus no significant difference in the number of 
mitotic cells in the immunized and unimmunized animals. There 
were no obvious differences between immunized and unimmunized 
rabbits in the proportion of the small and the large lympho- 
cytes in thoracic duct lymph after colchicine administration. 
No change in the morphology of the lymphocytes was observed 
in the immunized rabbits when compared to unimmunized rabbits. 
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The small number of large lymphocytes in mitosis coupled 
with no definite increase in the percentage of large lympho- 
cytes in the thoracic duct lymph of immunized rabbits would 
go against the suggestion of Yoffey and Courtice (1956) that 
these cells are the 'most likely cells to possess antibody - 
forming properties'. It was however found, on tabulating 
the blood counts in the two groups, that the absolute numbers 
of large lymphocytes in the blood of immunized rabbits were 
higher than those in the unimmunized rabbits, while the 
number of small lymphocytes was low. Further investigations 
are required to establish definitely that there are significantly 
more large lymphocytes in the blood of rabbits immunized in this 
way. 
The spleen weights in our series of immunized rabbits given 
colchicine were higher than those of normal rabbits and were 
much higher than those of unimmunized rabbits given colchicine. 
The figures, are respectively, 439 ±23, 378181 and 223 ±59mg. per 
kg. body weight. During immunization the spleen weight increases 
(Fagraeus, 1948), so our results do not necessarily contradict 
those of Fagraeus and Gormsen (1953), who found a 50; reduction 
in the weight of the spleen when colchicine was given to 
immunized mice. 
The estimation of cell antibody titres by homogenization 
of small volumes of cells and subsequent doubling dilution of 
the spun supernatant, is open to criticism (Haleb et ál., 1949). 
However there was in oir experiments consistent differences 
between the titres in the cells and the blood serum on the 
one hand and lymph plasma on the other. The 
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cell and blood sera had similar titres, while the titres of 
the lymph plasma were always lower by from 1 to 4 tubes. 
This is in agreement with the results of other workers (see above). 
There was no evidence of any change in the antibody titres 
of either the serum or the lymph cells during the 9 hours 
following the administration of colchicine. This extends 
the work of Fagraeus and Gormsen (1953). They did not find 
an increase in the antibody titres of blood serum in immunized 
mice receiving colchicine in spite of an accompanying lysis 
of lymphocytes and plasma cells. 
Considering now the experiments on cell transfer, it 
may be seen from our results that the transference of unheated, 
washed, thoracic duct lymphocytes from imuunized donor rabbits, 
(obtained during a secondary response) into normal unimmunized 
recipient rabbits, was followed by the appearance of antibody 
in the serum of the recipient. The recipient's serum titres 
rose from the lot to about the 7th day, and began to 
decline on about the 11th day. By about the 21st day, the 
titres were not measureable. It should be stressed that 
none of these recipient rabbits had naturally occurring 
agglutinins to S. typhi (H- antigen) even in 1:2 dilution. 
The obvious question which arises when considering these 
results is: what is the source of the antibody in the sera of 
the unimmunized recipient rabbits? 
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First, preformed antibody in the cells of the thoracic 
duct lymphocytes from the immunized donor may be transferred 
into the recipient rabbit and thus produce in it a passive 
immune response. If this were true, one would expect 
to find antibody in the sera of the control rabbits receiv- 
ing the thoracic duct lymphocytes killed by heating to 569C 
for half an hour - a procedure which kills the cells but 
in no way damages any antibody (Boyd, 1956) present in the 
cell at the time of transfer. In fact there was, in 6 out 
of 7 rabbits, some indication of a passive immune response, 
as a very low antibody titre could be demonstrated in the 
sera of the control raLL:bits on the 1st day after the 
injection of the thoracic duct cells. But this titre 
is not maintained for any length of time, nor does it 
increase in the control animals; in all these experiments 
the titres of blood serum in the control animals was after 
the 1st day, from 2 to 8 times lower than the animals re- 
ceiving unheated cells. The non -persistence of the anti- 
body titre and the failure for the antibody to increase 
in these control animals would seem inconsistent with the 
idea that the antibody in the recipient rabbits receivent 
unheated lympoctyes from an immunized donor can be due 
to a transfer of preformed antibody contained in the 
suspension of the lymphocytes injected. 
The second possibility for the source of the antibody 
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in the serum of the recipient, could be a transfer of 
antigen, either in its original or in a modified form, 
i.e. a process of active immunization. This possibility 
can be however excluded by the following arguments. The 
time -curve of the appearance of antibody in the recipient's 
serum after the transfer of the cells does not correspond 
to what one would expect in active immunization. The serum 
titres rise from the 2nd day onwards, while in active immun- 
ization the titres rise, at the earliest, from the 3rd or 
4th day. Moreover if the appearance of the antibody in 
the serum of the recipient is to be interpretated as due to 
the process of active immunization, the same level of anti- 
body titres should be seen in the control animals receiving 
the heat -killed cells, as the antigen is left undamaged by 
the process used for killing the cells. In the pair of 
recipient rabbits, A4 and K4, there was some suggestion 
that antigen had been transferred; in the control, the 
antibody titres rose to 64 on the 6th day. Even in this 
experiment however the animal receiving unheated cells had 
a titre 6 tubes higher than the control. (It is interesting 
to note that the pair of recipients A5 and K5 received cells 
from the same donor as A4 and K4, yet a considerable diff- 
erence of the blood serum titres in the two pairs was obtained. 
The cells used in AS and K5 were obtained from the thoracic 
duct later than the cells used in A4 and K4.) 
The third explanation regarding the source of the antibody 
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in the recipient is that the transplanted, unheated lymphocytes 
are living cells and carry with them a mechanism of antibody- 
formation to the tissues of the recipient. The transplanted 
cells may multiply in the host's tissue and the progeny (perhaps 
plasma cells) may continue to produce antibodies for some time. 
If this is the case, then the significant cell, in the 
thoracic duct lymph would be the large lymphocytes, for only 
these appear from our and other experiments to be capable of 
cell division. This homotransplantation however cannot 
survive for longer than a few days because the host tissues 
will develop an immunity to the donor cells which will then 
be destroyed (Bellingham, Brent and Medawar, 1954). The 
agglutinins to S. typhi (H- antigen) then progressively dis- 
appear from the host. The serum titres in the recipient 
begin to decline between 9 and the 11 days after transfer 
of the lymphocytes at a time when, presumably, the homograft 
reaction sets in: this is consistent with the explanation 
given above. 
It may be, however, that the transferred lymphocytes 
themselVes, without further multiplication, survive to 
produce antibody. This would be in agreement with the 
work of Wesslen (1952) who has shown that thoracic duct 
lymphocytes will, if derived from an animal infected with 
S. typhi, continue to produce antibody in vitro. 
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As a special case of adoptive immunity, it is theoretically 
possible, but less likely on general grounds, that the trans- 
ferred living lymphocytes may in some way induce the antibody - 
producing cells of the host to form the antibodies. This 
could however be decided, if the recipient were irradiated 
by a suitable dose of X -rays - a process which depresses the 
antibody -forming mechanism; if adoptive immunity could be 
induced by transferring lymphocytes to such an animal, then 
the antibody will probably have come from the transferred 
cells or their descendants. 
The present experiments are most convincingly explained 
if it is assumed that some of the transferred lymphocytes, 
possibly those capable of multiplication stay alive, and 
continue to produce antibody until the host rejects them by 
a homograft reaction. 
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SU11M. RY AND CONCLUSIONS 
1. The anatomy of the termination of the thoracic duct in 
rabbits is described. 
2. At operation, the thoracic duct was exposed and divided; 
and uncontaminated lymph obtained. 
3. The anti - mitotic alkaloid, colchicine, given intravenously 
in doses of 2.5mg. /kg. body weight, was found to increase the 
output of both large and small lymphocytes 2 to 3 hours after 
the injection, usually without affecting the rate of flow. 
That there was no significant decrease in the output of 
thoracic duct lymphocytes for 10 hours following colchicine 
suggests that the majority of thoracic duct lymphocytes are 
not formed in the preceding few hours. This suggestion 
is in agreement with the observation that only up to 2.5% 
of the cells of the thoracic duct were in arrested mitosis 
following colchicine. Mitoses were never observed in small 
lymphocytes. It is thought that large lymphocytes are capable 
of division while small lymphocytes are not. Nuclear 
abnormalities, karyolysis and pyknosis, were seen in all types 
of lymphocytes and these abnormal forms were also present 
in the blood. Cells having mitotic figures were however 
not seen in the blood; some evidence is presented that 
these were trapped in the pulmonary circulation. 
4. A profound granulocytopaenia occurred in the first 
hour following colchicine injection. In unanaesthetised 
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animals this was followed by a granulocytosis. In anaesthetised 
or anaesthetised and operated rabbits, the granulocytopaenia 
persisted, though anaesthesia or operation by themselves were 
found to produce a granulocytosis. The cause of this altered 
reaction remains obscure. 
5. Colchicine, anaesthesia and operation all produced a fall 
in the level in the blood lymphocyte. 
6. Occasional normoblasts were found in the peripheral blood 
after colchicine. 
7. The spleens of rabbits receiving colchicine were smaller 
than controls. 
8. The number and morphology of small and large lymphocytes 
of the thoracic duct in rabbits immunised against S. typhi 
did not appear to differ from the normal. The morphology 
of the thoracic duct lymphocytes after colchicine was the 
same as in unimmunised rabbits. 
9. Preliminary observations sugTest that the number of large 
lymphocytes in the peripheral blood of immunised rabbits is 
increased. 
10. Antibody titres of thoracic duct lymph plasma were 
consistently lower than those of blood serum and of thoracic 
duct lymphocytes, estimated after homogenization. Colchicine 
administration did not alter these titres. 
11. Thoracic duct lymphocytes were taken from immunised 
rabbits and injected, unhated, into normal rabbits. 
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Antibody appeared in the recipient, and the titre rose during 
the next few days. The titre began to fall at about the 9th 
day. Control transfers of cells taken similarity but heated 
to 56 °C for 30 minutes produced in most rabbits only a transient 
titre in the recipient, the antibody level in these rabbits was, 
after the first day, always significantly lower than that in 
rabbits receiving unheated cells. It is thought that the 
transferred, unheated cells, or their progeny, continued to 
produce antibody until the homogr aft reaction destroyed them. 
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